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5 This invention relates to the iaprovonents in 

laminated object aanuracturing (ldm) method and "apparatus 
for forming three-dimensional objects out of laminations 
and more particularly to the techniques relying on lamina^ 

tions produced out of powder based or Sheet materials. The 
10 laminated object manufacturing process aims " at aut«aated 

production of metal, plastic, ceramic, and coi,5»osite parts 
Of unlimited complexity directly form a con^uter generated 

■ ^ *° undwatand th. advantagw which ucm 

Bytmm oM«r. on. has to con.id.r how raaii batohas of parts 
«. u«»liy prod»e«i. i„ comr«,tional »anufaoturing th. 
' co,««ter aidad d^igr, 

t»ohni,tt„. i^t.r, «^,ul.=t«^i„g 
20 <».*in«l and th. prototyp. i. painstakingly 

produc«i by ooav«,tlonal cutting or *or»ing proeasses, oft.^ 
«guirin, s^lXad labor, conaidarabl. ti.. and ^^r^,. 
Multipla tool, and »aehin.s ar. ns«i i„ .uoh production as a 
rula. Airt.r th. prototyp. tasting, dasign ohangas ar. 
25 llkaly to occur, and laborious production procass has to b. 
r.pMted until the dasign is optiaizas. 

Tharafore, th. ability to «anufactnri pnt^types - 

.30 ti "'^^ production d.vice is highly d.si«ii.. 

If the -edification of th. dasign i. „.ed.d aft.r the part 



has been examined, a necessary change can be done on the 
computer screen and another "hard" copy can... be created by 
the LOM system. — ' — - 

general, the family of LOM systems proposed 
herein use laser as a tool for forming laminations and 
bonding them into a stack. In recent years, flexibility and 

laser- based systems motivjated -a^ ntamber of 
organizations and inventors to apply them in" the three-di- 
mensional object production. Several techniques based on 
two intersecting laser beaxos selectively solidifying xiltra 
violet (UV) curable liquids at the point of their interseoa.. 
tion deep within the liquid medium have been described Iff 
U.S. Patent Nos. 4,041,476, 4,078,229, 4,238,840 and 
4,288,861. These systems have suffered from a number of 
problems related to their resolution, eacposure control and 
difficulties related to synchronous control of two inter- 
secting laser beams. 

A more successful process and system has been 
proposed by Charles W. Hull in U.S. Patent No. 4,575,330. 
The stereolithography process described in this patent 
generates three-dimensional objects by curing a UV ctirable 
material with a single laser beam focused on the surface of 
a platform placed in a vat of a UV curable plastic. As the 
beam cures a cross-section of the part the platform makes ^ 
incremental move down thus exposing another layer of liquid 
plastic. The beam scans the new surface within the pattern 
o£iaie desired cross-section solidifying ' the plastic materi- 
al! within that pattern and attaching it to the previous 
cross-section. The step is repeated until the desired 
oteiect is produced. 

In spite of a niomber of advantages gained by this 
method with respect to earlier technologies the method has a 
disadvantage of being capable of producing parts out of 



liquid (mainly uv^^oirabli) Polymers oiCLy/VTrhe^ -p^;^^ 
represent a relatively -limited group of materials.- They ari" 
often toxic. -The-parts-produced through "the uv curing 
process are usually -only partially cured and .therefore are 
dimensionally and structurally unstable as they ar^ removed 
from the vat. 

In order to prevent their sinking into the liquid, 
a substantial . support structure has to be designed and built 
for cross-sections located above the platform and unattached 
to other cross-sections. The process also suffers from 
internal stress problems created as a result of a shrinkage 
caused by the uv curing process within the plastic part. 
These stresses cause warpage of unsupported or suddenly 
expanding cross-sections and therefore make it difficult to 
create certain geometries. Thick walled parts are difficult 
to create for the same reason. The speed of the process is 
also limited by the low powers of currently available uv 
lasers . 

other developments have taken place with the use 
Of powder materials in building near net shape three-dimen- 
sional parts. U.S. Patent No. 4,323,756 of c. Brown, E. 
Brienan and H. Kear describes a technique for building parts 
in a layered fashion using high power energy beams to melt 
substrate surface and added stock, m this technique powder 
is deposited onto a substrate by blowing a steam of it 
through a nozzle coaxial with a laser beam heating and 
melting it along with the substrate as soon as the powder 
reaches the surface of the substrate. m order to direct 
the new powder to the desired places of the laminated part 
either the part or the nozzle have to be moved in a con- 
trolled fashion. This method has an obvious disadvantage 
associated with the necessity to overcome inertia of moving 
mechanical components. Also, the ability to deposit 
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. material in a precise" fashion to achieve high resolution in 
the final product is questioncible in this tec4mique^ since 
in order to be deposited the material has to go through a 

* • nozzle*--- r -: — : 

5 . Early concepts related to use of ^ sheet materials 

, in the three-dimensional parts buildup have been explored by 
........ ,^.^, u-L Japanese scientists ^ (See: Masanory Kunieda and. Ta^ceo 

Nakagawa "Manufacturing of Laminated Deep Drawing Dies by 
Laser Beam Cutting"/ Advcinced Technology of Plasticity, Vol. 

iO 4 (1984) ) . Although some methods for laser cutting laminae 

fiuid joining them together have been described^ this work h^^ 
not suggested ways of using the laminating technique fo^ 
building a computer driven device which would transfer 
three-dimensional computer images into physical parts in one 

15 automated step. 

My eeurlier U.S. Patent No. 4,752,352 has suggested 
a number of methods and systems for accomplishing this goal. 
The current application relates to significant improvements 
on .the methods and appsuratus described in the earlier 

20: patent. These apparatus create three-dimensional parts out 
of substantially planar cross-sections utilizing powder 
. based or sheet materials. The methods overcome the material 
limitations of the stereolithographical technique by making 
it possible to use a wide range of powder materials (incluc!^^' 

25 ing metals) as well as many plastic, metal smd composite 

sheet materials for the laminated manufacturing of three-di- 
mensional objects. At the same time they allow to achieve 
much greater speed and finer resolution tham the process 
disclosed in the Brown et al. » 756 patent by avoiding the 

30-- material deposition through a nozzle, thus, allowing the use 
of scanning techniques in the energy beam manipulation. 

Another type of an automated modelling system 
based on liquid polymers is being developed by an Israeli 
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company, Cixbital (See: Itzhak Pomerantz, "Automated ModeliSg^- 
_ NCGA 1989 conference proceedings, April -17-20,— 

^^8^) • Their system manufactxires models out of liquid 
polymers by a multistep process. The steps of the technique 
are: deposit a thin layer of a T3V curable polymer? illumi- 
nate the polymer through a xerographically produced mask 
having geometry of a single cross-section; suction off the 
liquid material surrounding the cured cross section; fill 
the areas surrounding the cross-section with a water soluble 
UV polymer, water, or wax serving as support; cxare the rest 
of the layer or freeze the water; grind the surface to 
establish a uniform layer; repeat the earlier steps until 
the part is complete; thaw the ice, or melt the wax sur- 
rounding thp part or dissolve the water soluble polymer. 
The process is very complex but it resolves some geometry 
problems present in stereolithpgraphy. Since the process is 
based on liquid XJV curable polymers it does not resolve 
material limitations and internal stress and shrinkage 
problems related to stereolithography. 

Still another technique relying on illumination of 
liquid polymers through a mask is being developed by Efrem 
Pudim of Light Sculpturing Inc. based in Wisconsin. His 
U.S. Patent Nos. 4,752,498 and 4,801,477 describe several 
techniques which are somewhat similar to the earlier de- 
25 scribed method being developed by Cubital. These methods 

usually involve illumination of a XJV curable polymer with a 
UV light through plotter generated masks and a piece of flat 
material transparent to the uv radiation and remaining in 
contact with the liquid layer being cured. Although the 
method is simpler than the Cubital technique and is much 
more energy efficient than stereolithography it has certain 
liiaitations related to unsupported geometries. It also 
relies on UV curable liquid polymers and, therefore, is 



ryZlimited by "t^e properties \(i5hrin3ca^ge, :warp 

ff- V. : ; -strength) :and relatively small rninber of these mateir ialsT^' 
■ ■ 7 -'~Still another development similar to the my powder has e^' I^ 

~r~^:'Z^°^^^ ^® taJcing place at the Desktop Manufacturing Ihc^— 
^'■'■^'^■r .(fprmerly Nova, inc.) associated with J the ~ Univra 

-..i:^^^^^- (Austin). A process called : "Selective Laser 1~ 
c - 1 . gin tering?^ has been tinder development by this company (See_ 

Manufacturing" report published by Technical 
"insights. Inc. in 198S) . The technique involves sequential 
10 deposition of thin layers of metal or plastic powders and 

selectively sintering these powders with a scanning las^ 
beam. My work has included conducting an extensive expert' 
mental investigation of the powder and sheet lOM processes 
using a prototype system which ± built at John Deere, inc. 
15 Although a significant part of the present patent is dedi- 

cated to improvements on the powder technique the current 
view of the author is that the sheet LOM process laay be 
superior to the powder technique.. The powder technique has 
a serious problem of heat generated internal stresses which 
distort laminated objects and limit the number of available 
geometries. Structural properties of parts created out of 
powder have to date been greatly inferior to the ones 
created out of sheet. 

one more computer automated manufacturing techno:^^ 
25 ogy related to the presently described development is 

sometimes called "Ballistic Particle Manufacturing". This 
is a dot matrix printer like technique for creating 3-D 
parts (U.S. Patent No. 4,665,492). in this method particles 
of molten material are deposited in a controlled fashion to 
create a three-dimensional part. This method is expected to 
have some problems related to internal stress and low 
resolution. 



20 



30 



5 



10 



It is presently believed TQia^'^^e^tlbased' 
method is the best proprietary t^olbc nrHeuii^^ 
described earlier. The maj ority of-the ^relatec'tiam^ 
are based on one or another form of V UV cu^^le^tech^^^ 
Only " one 6ther process is related to the fusion of powders 
with lasers. None of them is based on sheet materials . 
Advantages of the sheet LOM process, as compared- to the dries 
described earlier aure as follows: 

1) The main competitive advantage of the sheet LOM 
process is in its ability to make parts out of far more 

— off-the-shelf materials than UV curing techniques. My 

work has already resulted in the production of parts 
out of metal, plastic, and paper. The paper based 
parts have properties similar to plywood. 

2) Internal stress is a very serious problem in the 
stereolithography. Selective Laser Sintering (SLS) , and 
cubital (Instant Slice Curing) processes.: The sheet 
LOM process produces virtually no internal stress. 

3 ) The sheet technique is much faster: than 

^"^^^^oli^ogi-aphy or the powder LOM processes. The 
^jflf reasons are as follows: 

a) Due to the high viscosity of UV liquids It 
takes a considerable amount of time to form a 
22 layer (even with the newly introduced wiper blade 

leveling the liquid). Although the curing step is 
i» the cubital process than that of 
stereolithography a considerable amount of time is 
required to perform other steps of this multi step 



process can. be virtually. "inkfcauitin^ousi . :'t:::' ^~;'7irz:''^:zz 

b) Because of the fact that: diiring th e execution 
of the sheet process the-^laserxlpeam— outlines the 
periphery of a crossrsection L^instead of raster 
painting its complete area - as— is- done in UV or 
powder processes thin -wai-lis- are-^produced just as' 
fas-t as thick ones. The bnly factor that matters 
is the periphery of a cross-section. Therefore, 
eactremely large parts with thick walls (even ones 
which would be difficult to mold or cast) can bdfll 
produced by this technique. 

4) Model production has been chosen as an initial 
market by many in the field, . since UV curable parts 
created by the 3-D Systems stereolithography process or 
Cubital »s "instemt Slice Curing" technique are rather 
fragile emd can not serve as fiinctional parts yet. By 
creating several metal and plywood Ejects my work on 
the LOM process has demonstrated a clear potential to 
produce functional peurts such as dies, molds, and : 
production parts directly. So feur there has not been 
any proof that lase^ beam scsmning is a good way o^^ 
producing structurally strong materials (when a lase^^ 
beam scans a UV or powder cross section it creates the 
material out of which it will be made) . On the other 
hand the LOM technique just outlines the geometry of a 
cross section by cutting it around its periphery. This 
preserves the original properties of, the sheet material 
which has been earlier created by an extrusion, cold or 
hot rolling, or plastic film production processes. 



5) Because of the absence of internal stresses in the' 
sheet ^LOM technique and the unpredictable shrinlcage of 
parts-T- associated with it there is a potential of 
manufactTiring/objects with the XY direction tolerances 
significintly higher than with internal stress affected 
techniques. . 

6) Proceisses relying on manufacturing out of UV curing 
polymers have been subject to strict OSHA scrutiny 
since they involve potentially harmful substances. The 
majority of sheet materials used in LOM process are 
considered safe. 

7) Although virtually no waste is generated in the XJV 
curing technique the liquid polymers used in it are 
extremely expensive. Most of the sheet materials are 
over em order of magnitude cheaper. 

8) Due to being a one step process (not requiring post 
curing operations) , and because of high speed of 
production and lack of internal stresses the sheet LOM 
process is expected to produce extremely large parts 
just as efficiently as tiny ones. 

9) The only process besides LOM which is capable of 
automated creation of tansupported (cantilever) geome- 
tries of unrestricted complexity is the one being 
developed by Cubital. However, their process is 
significantly more complex than the sheet LOM tech- 
nique. 



Disclosure of Tnvgr^-ip-{,oT, 

In general terms, the present invention provides a 
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"method and apparatus for matiiif acturing - 
three -dimensio nal object| from laminations formed in shapes^ 
requx^red^fbr-^^seinbly in a preselected sequence.. The' 
apparatus-contains means for storing and supplying a materi- 
al together with means for forming the material into a 
plxirality " of individually contoured laminations. The 
- laminati on f orming m^eans are comprised of a beam of concen- 
trated energy or a jet of concentrated matter. It also 
includes computer based means for definina the 
the laminations and for controlling the operation of lamina- 
tion forming means. It further includes means for assem-g^ 
bling the plurality of individually contoured laminations^ 
into a three-dimensional object emd for integrally bonding 
each of the i n dividually contoured laminations. with the 
15 unique apparatus of the invention, the formation of an 

integral three-dimensional object from laminations of the 
same or gradually varying shape cam be successfully accom- 
plished. 

The process starts from creating a computer image 
2tt of an object using available Computer Aided Design tech- 

niques. Later, the image is cross-sectioned wi1:h the use of 
the computer into multiple cross-sections located at a 
predetermined distsmce from each other. 

In a presently preferred embodiment, by way o4|P 
ZS example and not necessarily by way of limitation, a supply 

station houses a powder based material container located at 
the material depositing station. The apparatus also in- 
cludes a cyclically travelling carriage which in the pre- 
ferred embodiment moves reciprocally. The carriage carries 
2^0 a vertical stage with a laminations carrying platform 

located on it. The piston-like platform which is surrounded 
by a cylinder-like enclostare makes incremental moves down as 
thin powder layers are deposited onto it from the powder 



-wo 90/03893 



10 



15 



20 



25 



30 



- 11 - 




container. After - each new layer of the . pow^r '^s j^i^S^^^ 
it may be compressed on the platforia through 7ai^@S0^^^^£ 
roller or a press. At this stage the gebmetf ical ilnf Ssitioi^T ~ 
about the cross-sections of a three-dimensional objecj^r^^^Tj; 
manufactured is transmitted from the computer/ where~it "was " ~ 
defined through computer aided design means, to a laser 
scanner which scsms the newly deposited layer of powder with _ . 
a focused laser beam. The powder affected by the laser beam 
changes its physi«a or chemical properties. Most often 
this change results in sintering or melting of the powder 
and fusing the material within the boundaries of a 
cross-section as well as. bonding it to the previous 
cross-section. After all of the cross-sections have been 
created by the apparatus this, change in property is utilized 
in separating the material which belongs to the object from 
the material which surrounds it. The means for accomplishing 
this separation can be either mechemical such as blow off, 
impact, vibaration or sand blasting, or chemical such as 
solution in a chemical media which affects the stirroxinding 
material without damaging the object. 

A number of variations which are possible in the 
.powder based lOM process and apparatus are discussed in the 
present invention. Different powder based materials, 
changing the sequence of process steps or omitting some of 
them altogether, different types of concentrated energy or 
matter means, different ways of introducing the change of 
property into the powder, and different ways of utilizing it 
in the object separation process, possibility of using cover 
gasses and liquids, and a variety of post processing tech- 
niques aure cozisidered. 

The most significant limitation of the process is 
the shrinkage resulting from the internal stresses intro- 
duced into the object during the lamination forming step. 
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Thxs: problem: can : be overcome by . crieatiii^il^^EilraileS 
boundaries encapsulating the material of t he -tajj^^^i ngr^ 
the laminating process and then postprocessiii^^^^S5^^i^ 
a furnace. A variety of other methods -capabl-e~p^=reduc'i^^^ 
the effect of the problem on the dimeaisionai^roperties ' oF" 
the LOM created object are discussed. - . — 

A ntunber of details related to different, elem^ts of the LOM^ 
apparatus are discussed in the present invention. Ways of 
achieving desired thiclmess of powder layers, different 
methods of depositing these layers, a variety of ways for 



moving the platform (linear stage, rotary table, .conveyor,^ 



etc.), methods of compressing the powder and scanning its 
STirf ace with an energy beam are considered. 

In another' embodiment, a supply station houses 
15- sheets of thin sheet material. These sheets ax& sequential- 
ly fed into the system by a sheet feeder and theS are 
transferred to a laminations fonaing station where they .are 
cut in the pattern of a desired cross-section by a laser 
beam manipulated by a positioning table or a scanner. The 
20. cutting can be accomplished through traversing the laser 
beam around the periphery of a cross-section in' a 
plotter-like manner or by removing the material in the areas 
surrounding a cross-section by a raster scanning process 
performed in a laser printer-like manner. Later, if neces 
25 sary,. laminations are separated from the surrounding materi- 

al and are transported to the stacking, device where they are 
attached to the stack through adhesion, welding, braising, 
or diffusion bonding techniques. 

An ia^roved method of production of a part by the 
shee±: LOM process relies on a different sequence of steps in 
the LOM cycle. In that method, the attachment of the sheet 
material to the laminated stack is done first. Then it is 
followed by a forming step which is performed by a laser 
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beam cutting the material ttb the "depth of ^ oFe^lamin^tiSu 
The attachment can be p erformed yeither over the whole aifea' 
of the laminated layer=x>r^ere^:t:iveiy^ithin -the botindary of 
the cross-section. In^the-jcase" of "selective attachment the 
same, or another laser- beam can be used for welding the 
cross-section to the stack_prior to the cutting. A printed 
image of a negative of _a cross-section produced on the sheet 
material itself or on an overlaying sheet csm also be used 
as a iaask in conj\inction with a UV curing technique to 
selectively bond a cross-section to the laminated stack. 

The possibility of using multilayered sheet 
materials, different methods of separating the eactra materi- 
al from desired laminations possibility of combining laser 
cutting and chemical etching processes in the lamination 
15 forming step and other apparatus improvement possibilities 

are suggested. 

Also considered is a possibility of combining 
certain features of powder and sheet based * LOM techniques 
into a single device. This device will be capable of per- 
20 forming both powder and sheet based processes separately or 

simultaneously. The need in sucjh device is caused by the 
desire to combine advantages of each method. On the one 
hand the sheet process is affected by heat caiised warpage to 
a much lesser degree than the powder one. On the other hemd 
25 noncontiguous contours may be a problem in some geometries 

created by the sheet technique while in the powder technique 
they are always supported by the sxirrounding powder. The 
possibility of filling the spaces created in the laser 
formed sheet cross-sections with a ctarable liquid plastic 
material are also discussed in the description of this 
version of the LOM apparatus. 

The method and apparatus of the present invention 
has many advantages over currently used methods and 
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apparatus for produciii^ r small batclxes of . paurts. The 
designer can work: dir ectly with- the computer using the LOM 
system interactivea^^fbr^creating prototypes and verifying 
his concepts. Dies - and- molds can be manufactured 
inexpensively by the 'LOM apparatus. Highly complex metal 
aiatrix or composite parts can be produced for automobile and 
...Aerospace industri^^^ dimensional maps can be 

prpduced. for civilian and military applications. Artificial 
bone implants and prosthesis custom fitting individual 
patients can be created for medical applications. Optical 
lenses with complex surfaces can be investment cast from th^ 
patterns created by , LOM technique. EDM and ECM dies, win^ 
tunnel models, molecular models, and even art objects can be 
produced. 

Parts of unlimited complexity including those with 
sculptured surfaces, voids or intricate channels can be 
manufactured. No mills, drills or cutters are required. 
Production is accomplished using one machine irtxich uses one 
tool - the laser. Setup time for different parts produced 
out of the same material is cut virtually, to zero. It is no 
longer necessary to plan manufacturing procedures since 
parts are produced directly from computer generated images 
without involvement of the operator. Production cycles for 
complex parts can be reduced from weeJcs to minutes. Cost^. 
25 aiKt use of slcilled labor can be cut dramatically. 

The above and other advantages of this invention 
wm be apparent from the following more detailed descrip- 
tdion when taken in conjunction with the accompanying draw- 
ings of the illustrative embodiments. 



Krief Description of pyaw-itig-e 

Fig. 1 is a diagram illustrating different steps 



.^Irr^f process including powder depbsitibn'^rpo^^^ 

"compression, and cross-section forming; ~- ''^-^I^-:--. /^-TZZri 

Fig. 2 is a cross-sectional view of the apparatus 



..-for. forming three-dimensional objects using the powder based 
pversiph of the present, invention and a reciprocating car- 

^'^^ moving the laminations carrying platform; 
_ _ ;^.f9« 3 , is a plem view of scrapers used in the 
powder leveling step; 

Pig. 4 is a perspective view of a part created by 
the powder lOM technique surrounded by extra material and 
suppoarted by a support network; 

Pig. 5 is a perspective view of a lamination 
divided into a number of smaller portions in order to 
control internal stresses within the part during the lami- 
nating process; 

Pig. 6 is a planaur view of a product part contain- 
ing support ribs in order to control internal deformations 
within the part during the laminating process; 

Fig. 7 is a cross-sectional view of the stack of 
powder laminations with a cover gas or liquid channeled over 
its surface through an enclosure with the surface transpar- 
ent to the laser light; 

Fig. 8 is a cross-sectional view of the stack of 
powder laminations with a cover gas or liquid channeled over 
its surface through an enclos\ire extending from the energy 
beam directing device to the surface of the laminate; 

Fig. 9 is a cross-sectional view illustrating a 
laser compaction technique for changing properties of the 
powder; 

Fig. 10 is a cross-sectional view of the apparatus 
for forming three-dimensional objects using a powder based 
version of the .present invention and a rotary table concept 
for moving the . laminations carrying platform; 





- --.--^^ " .r-i-M^^^- 



Fig; 11 is a cross-sectional view ofLthetlpowd^^^ 
based LOM ^paratus utilizing -the concept ^ of ^ -^^^ 



depositdjig device moving relatively to a stationary' IMSa^ 

-^-tions -carrying platform; - - — 

:r : Fig. 12 is a cross-sectional view of a system of 
-J- powder compressing rollers connected with a ribbon; 

Fig. 13 is a cross-sectional view of a magnetical- 



. , ly orr electrostatically charged roller depositing a powder 

layer- onto a platform and compressing it at the same time; 
^0 ' Fig, 14 is a cross-sectional views from two 

directions of a powder based LOM system utilizing a steam 
circulating powder during the powder deposition step; ^ 

Fig. 15 is a cross-sectional view of a powder 
based LOM system utilizing a steam of circulating powder and 
15 a moving roller during the powder deposition step; 

Fig. 16 is a cross-sectional view of a powder 
based LOM system utilizing the concept of simxiltaneous and 
continuous powder deposition, compression, and energy beam 
scanning, with the material deposited on the flat surface of 
20 a cylindrically shaped laminate; 

Fig. 17 is a cross-sectionea view of a powder 
based LOM system utilizing the concept of simultaneous and 
continuous powder deposition, compression, and energy beam 
scanning, with the material deposited on the cylindricaJik' 
25 surface of a cylindriceaiy shaped laminate; 

Fig. 18 is a cross-sectional view of a powder 
based LOM system utilizing the concept of the powder being, 
first, deposited onto plates of a conveyor and, then, 
compressed against the stack of powder laminations in order 
30 to become attached to the stack; 

Fig. 19 is a cross-sectional front view of a 
powder based LOM system illtistrating the method of powder 
deposition onto the laminations carrying platform by direct 
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contact of powder in the powder TOnta±ne^.iii^^ 

layer of the laminate; z '^''''ft'~''~7~''-:^~^'- - ' 

Fig, 20 is a cross-sectional side View of a powd4r 
based LOM system illustrating the meth^dT^oT^'^Wde^ 
tion onto the laminations carrying platform by direct 
contact of powder in the powder container and the upper 
layer of the laminate; ' 

Fig. 21 is a cross-sectional view of a powder 
based LOM system demonstrating a method of powder compres- 
sion by pressing the upper layer of the laminate against a 
^ stationary flat platform achieved by elevating the linear 

' stage on which the laminate is located; 

Fig. 22 is a cross-sectional view of a powder 
based lOM system illustrating the method of forming a thin 
IS layer of powder on the upper siirface of the powder lami- 

nate by slicing that layer with the lower edge of powder 
container as the laminate moves relatively to it; 

^^?r» 23 is a cross-sectional view- of a powder 
based zxm system illustrating a lamination forming operation 
accomplished by selectively changing a property of the 
powder layer pressing against a transparent flat window with 
the laser beam shining through that window; 

Fig. 24 is a cross-sectional view of a sheet based 
LOM system illustrating the possibility of combining the 
powder and sheet LOM processes into one system? 

Fig. 25 is a cross-sectional view of a stack of 
sheet laminate on a vertically movable platform with a 
noncontiguous portion of a lamination supported by a . 
f lovable material deposited from the powder containeir of the 
combined sheet-powder LOM apparatus and filling . the empty 
spaces within the formed sheet laminations; 

Fig. 26 is a cross-sectional view of multilayered 
sheet material used in the laminating jirocess, where either 



primary tliicker layer or B&cpn(3:aL^ZZl^ijv^cZ'Ii^^^!M^ 
ablatively removed during the lai iiiiat^ms7^riS g^^ 

Fig. 27 is a cross^seeAionaa™yiew^"f et^ powd^^^^ 
based material with spaces between- particies" "filled" with ~ a 
liquid of powder bonding agent used fo?^ bonding powder 
during laminations foaming step of the powder process; 

. Fig, 28 is a cross-sectionar^view of a part formed 
by the powder encapsulation technique used to avoid warpage 
and deformation resulting from the energy beam heat effect; 

Fig. 29 is a perspective view of a sheet laminate 
in which the extra material surrounding individually forme^ 
laminations is not removed during the laminating process^ 
instead, it is cut in a cross hatching fission into multiple 
small portions easily removable after the laminating process 
is complete; 

Fig. 30 and 31 aure cross-sectional views of a 
sheet laminate located on the laminations carrying platform 
where desired portions of a lamination are attached to the 
stack by an action of the laser beam and the- extra ones are 
removed by a vacuum suction plate; 

Fig. 32 is a cross-sectional view of a sheet 
laminate illustrating the possibility of attaching desired 
portions of a lamination by pressing previous lamination 
against an adhesive coated and cut new ones; ^ 

Fig. 33 is a perspective view of cm ablatively 
formed lamination; 

Fig. 34. is a perspective view of a periphery cut 
lamination; 

Fig. 35 is a cross-sectional view - of a 
cut-on-the-stack sheet LOM system capable of selectively 
attaching cross-sectional layers of a part to the laauinated 
stack and automated removal of cut off material; 



supported by a vertical support structure lamiriated simulta- 
neously withr-it7==^^=^=^^'==^'^- - " . 

Fig.r-S7 -is^a--perspective view of a lamination 
bonded by a selective bonding technique to a stack prior to 
being formed? 

. 38^ is_ a. perspective view of laminations 
bonded to each other using different attachment techniques 
and different provisions for the separation of xinneeded 
material; 

Pig. 39 is. -a perspective view of a part being 
separated from the surrounding material after the LOM 
process; 

Pig. 40 is a cross-sectional view of a part 
l am i n ated out of sever2Ll slabs; 

Fig. 41 is a perspective view of. a cut-on-the 
stack sheet LOM system during the bonding step of the 
laminating procedure; 

Pig. 42 is a perspective view of a cut-on-the 
stack sheet iiOM system dxiring the cutting step of the 
la min ating procedure; and 

Fig. 43 is a perspective view of a cut-off-the 
stack LOH system. 

Best Mode for Cayrvincr Qii t the Tnycnf •> or| 

Instead of cutting extra material out of a raw 
stock, like it is done in traditional machining methods, the 
laminated object manufacturing (LOM) system builds the part 
by adding material to it in a controlled fashion. First, 
the image of a part is created on the computer screen with 
the use of a modern computer aided design software. Neact, 
the image is automatically sliced by the computer into very 
thin cross-sections located .001"-. 030" from each other. 



■' Tw^ of materials which can be em- 

ployed in the LOM process are covered by the current appli- 
cation. — ^The first^group consists of flowable materials, 
i.e. powders7r- powder based slurries or pastes / and some 
liquids. The-distinction between the powder based slurries 
or pastes and liquids lies in the fact that liquids are 
incompr essi ble;.. Powders on the other hand cire highly 
contpressible due to the fact that its particles have space 
between them. If this space is partially filled with liquid 
then the mixtore will retain some powder qualities such as 
compressibili-l^ and therefore is not to be considered as a 
liquid but rather as a powder based materiea. The second 
group of materials used in the LOM process is sheet materi- 
als such as metea foils and metal, plastic, ceramic and 
composite sheets. 

A powder based IjOM process is demonstrated in 
Figure 1. It builds the three-dimensional object replicat- 
ing earlier generated and cross-sectioned computer image by, 
first, spreading a thin layer of powdered material (1) on a 
Pla^tform (2) l^ter, it is compressed by the action of a 
roller (3) running over the powder at a controlled pressure. 
At this point some bonds between the paxticles of the powder 
are formed and. the layer (4) gets attached to the platform 
or the layer underneath. Although the bonds are fairly^ 
weak, the material stays attached even if the platform is 
tiimed- upside down. 

At this stage the geometrical information about 
the? first cross-section is transmitted from the computer to 
ther scanning component of the system which functions like an 
automated laser printer. It differs from the traditional 
paper printing devices by its ability to manipulate much 
more powerful laser beams, such as YAG or C02. laser beams. 



with a focused laser beam (7) in the pattern Iof tKe.;dS's|^^^ 
cross-section (B) . The operation creates a s^Si^ bondj; -^ 
between the particles of the powder which belong to^^ie~~ 
cross-section and the cross-section of the adjacent layers. ^ 

Next, the platform is returned into its initial. 7. 
position. The process is repeated until all of ^ the— 
cross-sections are deposited, compressed, and "printed". 
The block of material created as a result of the laminating 
process resembles a sand casting within a sand mold, with a 
weakly bonded and fragile "green state" powder (5) surround- 
ing strongly bonded object (6) which replicates the computer 
generated image. After that, the block of material created 
on the platform is sxibjected to an impact or vibration. As 
a result, the extra material previously unaffected by the 
laser beam falls off releasing the part that replicates the 
computer generated image. 

There are a number of ways in which the process 
and the apparatus performing it can be implemented. For 
example, there are a number of powder based materials which 
can be used, such as plastic, metal, ceramic, or composite. 
They do not have to be pure powders and can in some instanc- 
es contain certain amount of the liquid phase, most of which 
will be usually eliminated during the process or after its 
completion by evaporation or absorption etc. Figure 27 
illustrates a powder based slurry with the adhesive compo- 
nent (64) consisting of a liquid or a powder which fills the 
space between powder particles (63) which are in contact ... 
with each other, a mix of metal or ceramic powders 2md-the~t^ 
adhesive component can be laminated, with the adhesive 
component eliminated by evaporation during or after the 
process. Also, the material can be preformed by 
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press-rolling or press compaction into thin. sheets^o^^^^^S 
state" powder to be used in the laminating process . ""^^^ 



Other Vciriations of the process involve fihfcn^^ 
- - - the sequence of the steps of the process or omittin^^^i^me^fTT" 

5 the steps altogether • The basic steps of the process eure: ~ 

creation of the computer image of the reject/ ^ 
_ cross-sectioning the image by the computer, powder based _ 
material deposition, layer leveling, compression, creation a 
layer of a cover gas or a liquid, "printing" the 

10 cross-section^ removal of the extra material, post processing 

operations to improve the structural and surface qualitie^ 
of the object. 

One of the variations tried by me was successfully 
producing some plastic parts by the laminating process where 

155 powder compression step has been skipped altogether. The 
printing with a C02 laser was used to fuse the particles of 
uncompressed thermoplastic powder. This step could be 
followed by a compression step to achieve better properties 
of the final object. 

23)- type of the concentrated energy mesms used in 

the printing process cam also be varied. Iiasers of differ- 
ent wavelength with continuous wave or pulse characteris- ^ 
tics , nonlaser light , particle beams consisting of elec- _„ 
trons, protons or other high energy particles, microwavl^. 

25 energy, heat generated by electric current. These energy 

means will usually be concentrated on the surface of the 
powder based material affected by them during the printing 
step. The concentration will usually be performed by a 
focussing lens or a mirror, or by foxming energy or particle 

3D'2 beams of a very small diameters. 

Another possibility is to substitute concentrated 
energy means with concentrated j ets of a matter during the 
Pr^ti^9 step to chemically chajige or mechanically bond the 



purpose of tix& printing step is to cgeateT a different 
mechanical or a chemical properl^Bgtween the wliich 
belongs to the cross-section ^d" the~mate^^^ around it. 
This difference is used in ttie process^ to separate the. 
object from the surro\inding material. 

Usually the difference _is .eacpressed in the 
strength of the bond between the particles of the powder. 
The powder affected by the printing means will usually have 
stronger bonds and be less fragile than the unaffected 
powder. But it is not always the case. For example, a 
printing process similar to printing a negative of a picture 
can take place where a portion of the compressed powder 
layer which surrotands the cross-section to be defined is 
rapidly heated by the energy means in the presence of air or 
another oxidizing gas of a liquid. This heating causes 
oxidation of the particles of the layer and weakening of the 
bonds between them. Later a " laminated object printed in 
this manner, can be sintered in the sintering furnace. This 
will cause the previously nonoxidized powder which belongs 
to the object to form strong bonds while the surrounding 
material will remain weakly bonded and will easily separate 
during the separation step. 

^ A chemical chamge can take place dxaring the 
printing step. That change can also be utilized during the 
separation of the material surrotinding the object. A 
combination of chemical and mechanical change can be uti- 
lized during separation. For example, if the particles of 
the compressed powder are heated, compacted, or otherwise 
affected by the printing means the pores between them become 
much smaller than the pores of the unaffected powder and 
sometimes they disappear altogether Therefore, if there is a 
solvent which is used for the removal of the extra powder it 



will penetrate and dissoTv¥" powder - sxirroxini^in 

ob j ect muchr faster than thep^ j ecl^ 
Another way "to^ilitrwiSce~^ 
laser compaction (Figure 9) r^~Iir~this"method~a "1^^ layer of 

5. liquid (38) is introduced~on the surf ace of the compacted 

powder (14) • Sometimes this iayer is covered by a piece of 
material transparent to the laser beam (37)* When the 
printing takes place this liquid rapidly evaporates creating 
extremely high pressures on the surface of the materials 

U3 This causes it to compact euid create frictional or deforma- 

tion bonds between the particles • ^ 
The mechanical separation of the extra powder 
material caoi be accomplished in a number of ways. They 
include impacting the block of material with a mallet or a 

15 hammer, vibration, grid blasting, cavitation, ultrasonic 

cleaning and other mesms. The separation can be assisted by 
increasing the difference between the properties of the 
assisted by increasing the difference between the properties 
of the object and the siurrounding, powder after the object 

20. has been completed. 

For example, a block of metal laminations which 
has been created as a result of the leuainating. process can 
be treated by a chemical which will relatively quickly 
penetrate the surrounding powder weakening the bonds betweeH^ 

25 the powder particles. Another way to accon^lish this weadcen- 

ing is to put the object in the furnace with an oxidizing 
atmosphere, thus burning or oxidizing the particles of the 
surrotinding powder. Another possibility is to increase this 
difference for each layer separately during the execution of 

30 the process by first printing the cross-section emd then 

introducing a reactive gas or a liquid above the surface of 
the layer and heating the entire surface which will cause 



:^^e^eslred veakenliig of the bonds ;of ' the s^rowiingl 

u-jBatejrial.-;.: , ' '~: • . 

-y^- f — Soae tiaea in order to assist the creation of the^ 
desired difference diaring the printing step a cover gas is 
jased^^^er the., heated sTirf ace. This is Usually done to 
prevent oxidation and to reduce the oxides which, exist on 
-the surf ace of the powder particles. These gases can be 

—inert -or -other- ones that do not react , with the particular 
powder materiail. They can also contain reducing agents such 
as hydrogen amd be the ones that are usually applied during 
the conventional powder metal sintering process. 

The gas cam be directed towards the surface of the 
part with a nozzle or be circulated above the surface of the 
part within an enclosure (Figure 7) . This enclosure can be 
a rectangular channel with a piece of a sheet material (37) 
transparent to the printing beam located above the upper 
surface of the laminated part (14). The need in the trans- 
parent material can be eliminated (Figxire B) by extending 
the enclosure (21) from the scanner (28) directing the 
printing beeua to the surface of the part ( 14 ) . In this 
version the cover gas is introduced at the upper portion of 
the enclosure and is either contained within it during the 
printing or is allowed to escape through small openings (22) 
between the bottom of the enclosure and the laminated 
object. Another way to protect the powder against oxidation 
is to perform the printing step in vacuum. 

After the object has been obtained by separating 
it from the surrounding powder a number of postprocessing 
operations can be performed with it to achieve the desired 
structural and surface properties. The grainy or step-like 
surface of the object can be finished and. coated by conven- 
tional means, the object can be heat treated, recompressed 
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or'HiEed to reduce its porosity. Its pores cam be-Wturated 
with auidther material* '.^■--/-^--^■-—r'- 



- ~- There are a number of problems associated with the ^ 
printing on the powder layers using concentrated energy or ~ 

5 matter means. Oiie of them is shrinkage. Another. is internal 

stre sse s and associated warpage created by changes caused by 
: ■ the printing means. The shrinkage and warpage can be 
controlled by applying high pressure compaction of the 
powder before the printing step, thus causing stronger bonds 

10 between the green state particles which resist internal 

stresses causing warpage and shrinkage. However, the^|| 
strong bonds oan negatively affect the process of separation 
of the extra material after completion of the laminating 
process by making the powder separation excessively diffi- 

15 cult or even impossible. Therefore, and optimal range of 

craapaction pressures which differs from powder to powder 
usually exists » 

One way to confront the shrinkage is illustrated 
in Figure- 4 . The printing means are used during the lamina- 

20.- tion process to create a network of wires (32) which is 
visually independent on the shape of the created object (15) 
and spreads throughout the object and surrounding powder in 
a manner similar to the metal structure supporting rein- 
forced concrete. 

25 Another way to control warpage (Figure 6) is to 

introduce draft angles (35) into the portions of the part 
which are parallel to the laminated layers. Still emother 
way is to support these portions with ribs (36). The 
shrinlcage can be accounted for by oversizing the part with 

3j0 the use of computer software techniques similar to the ones 

used in the conventional plastic molding ror die casting. 

A promising technique for controlling the warpage 
is illustrated on the Figure 28.. It shows an object created 



by the laminating process where instead of 'affecting" a^total 
cross-section of the object dxiring the print ii^l step the 
printing means fuse the powder along thin lines defindjig the 
periphery of the lamination. These lines~are~~integrally 
bonded to each other during the laminating process to form a 
shell (64) encapsiilating the rest of the powder material 
( 14 ) which belongs to the ob j ect . Later the ob j ect defined 
in this manner is separated from the siirrounding material 
and is ciored in a furnace or is subjected to a soTirce of 
curing radiation to cause fusion of the encapsulated materi- 
al. . ; 

Besides powder based materials the LOM process can 
utilize sheet materials to create three-dimensional objects. 
The basic steps of the sheet based LOM process are similar 
to the powder based techniques. Just like in the powder 
process they include a step of generating a cross-sectional 
database from a three-dimensional computer image and cycli- 
cal steps of depositing the material comprising a single 
lamination, forming that lamination by printing means 
comprised of concentrated energy or matter, separating the 
material which belongs to the cross-section of the object 
from the surrounding material, and attaching that material 
to the stack of other laminations comprising that object. 
Therefore, many aspects and daiaas of the current applica- 
tion are common for both powder based and sheet based 
processes. 

The cross-sections can be defined by either 
ablative removal (See Figure 33) of areas (71) of the sheet 
material (60) in a raster fashion or by cutting that materi- 
al in a vector fashion (See- Figure 34) around the periphery 
of these cross-sections (71). Usually the concentrated 
energy means used for the cross-section definition will be 
comprised of the laser beam manipulated by a laser scanner. 
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Another possibility is to use an electron bieam br#a - liquid-^ 
jet cutting technique. 



The raster based ablative removal abroach lias the " 
advantage of medcing the processes of a cross^ecti^in~defini-^" 

5 tion and the removal of the material surrotinding it: simulta- 

neous. However much greater energy expenditures . are re- 
quired for it since the material surrounding a cross-section 
has to be evaporated. Therefore, it will be easier performed 
for organic materials such as paper, fosan, or plastic sheet. 

I-O Sheets used in the process can be comprised of 

several layers of different materials. Usually -one laye^ 
which is cailed prdLmary is at least five times thicker than 
another or others attached to it. For example, this primary 
layer could consist of precompressed "green state** powder 

15 while secondary layers attached to it could be made of an 

organic material. Or the primary material could consist of 
an organic sheet attached to a very thin layer of metal 
foil. Or the primary material could be a metal foil coated 
by an orgamic materisa. Or the primary materiatl could be 

ZQs any sheet material coated with an adhesive. 

One of the important differences between the sheet 
LOM process and the powder LOM process is that sheet lamina- 
tions will not disintegrate after being formed separately 
from the stack. Therefore, some or all of these lasninationw^ 

25 can be laser cut or formed by other meems prior to the 

attachment of the material comprising them to the stack. 

For example, if formed laminations consist of the 
primary metal or ceramic sheets coated with plastic or a 
metal with the melting temperature lower than that of the 

30 primary material, then these laminations can be joined 

together by heating the entire stack to a temperature higher 
than the melting temperature of the secondary material but 
smaller than that of primary one. Another way to accomplish- 
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bonding of »^^ipj^:-i|£^^ into ' a ^ lAi^^dii^nsionSl 

object is to tase d^fusion bond ing process, ^ 

Altliougix--laminaLtibns can be formed after placing" 
material comprising- th«a— onto the stack, usually their 
formation takes place 7 at a different location than the 
laminations carrying platform. This assists in removing the 
heat generated by th e conce ntrated energy means, employed in 
the lamination forming process . 

In case where sheet material employed in the 
process is a multilayer material the formation for a lamina- 
tion by printing means._cah. be accomplished by cutting or 
ablatively removing (Figure 26) the primary material (68) 
without affecting the secondary one (69). For example, a 
foam sheet laminated with a secondary material such as thin 
metal foil can be affected by a laser beam evaporating the 
foam but not affecting the metal substrate to a significant 
degree. The advantage of this technique is in the fact that 
non attached pieces of a cross-section comprised of the 
primary material are held stationary with respect to each 
other by the secondary layer. After the formed laminations 
have been joined together by adhesive bonding the stack can 
be placed in an etching bath where the portions of the 
primary material are etched away by a chemical solvent. 

Another example of a combined use of a chemical 
etching and laser forming technique can be considered by 
selecting a multilalyer material comprised of a metal foil as 
a primary material coated or laminated on both sides with an 
organic material can be selectively burned by a laser beam . 
thus exposing areas of metal which can be later chemically^ 
etched to complete the formation of laminations subsequently 
joined into a laminated object. 

Adhesives can be advantageously used as secondary 
materials in the LOM process. The sheets can be either 
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precoa-ted wltii or they can - i?e coated- b^^ 

during the lam inatin g'f process ♦ A precoated Tadfiesive cajiTT^ 
in the dry~^f orii^ so that "it c»n be activated by wetting 
during the laminating_:pr6cessT ^The adhesive can ialso be of 
a Icind ..activated :by an XJV or an infrared radiation • 

An important :cmd__ usually difficult problem which 
needs .to be resolved in the IiOM process is how to remove the 
material, which doies not belong to the leuoinated object* It 
becomes especially difficult for cross-sections of a lami- 
nated object which consist of several noncontiguous pieces* 
Another question _to consider is when to remove the extr; 
material, t^a. during the laminating process, or after. 
Sometimes (Figure 25) the iinremoved material (61) serves a 
useful role by supporting portions of laminations (62) which 
belong to tlie laminated object (15) which otherwise would 
hang in the air or be misplaced. 

Several possible secpiences of Isminations assem- 
bling have been suggested in my earlier U.S. Patent No. 
4,752,352. They included a technicpae of sequential cutting 
portions of a given layer which do not include any other 
contours within themselves and either attaching them to the 
stack or discaurding them. Another suggested technique was to 
ioin noncontiguous portions of a given lamination with thin 
strips of material which would be removed after the laminat 
ing process. 

A number of different approaches are possible. 
The simplest one is as it was mentioned earlier to perform 
ablative removal of the extra material during the lamination 
forming process , thus, simultameously forming laminations 
and getting rid of extra material. Another possibility is 
to use vector cutting around the periphery of cross-sections 
of the laminated ob j ect but not removing the extra material 
as the laminations are placed on the stack. In this case 



-r^® material has to be prevented from 'being strongi^l 

_bonded to the laminated object. . . 7 " JT.- 

If an adhesive attachment is used, then coa^uter 
^eans can be instructed to, first, reduce . the amount . of 
-power delivered by the laminations forming laser and then to 
.selectively bum, dry, ctire, or deactivate at least some of 
_the . secondary material or adhesive which wo\ald otherwise be 
responsible for attachment of the extra material to the 
laminated object. The same (Figure 30) layer forming laser 
beam (7) can be manipulated in a different manner to selec- 
tively activate the adhesive properties of a secondary or 
even primary layer within the portions (62) of the vector 
cut layer which belong to the laminated object (15) . For 
example spot or contour braising or welding can be performed 
for the needed portions while leaving extra material unaf- 
fected. This extra material (Figure 31) can be removed by a 
vacuum platform (56) from the stack. 

Another possibility (Figure 29) is to, first, 
contour cut each lamination in a vector fashion and then cut 
the extra material of the layer into multiple small pieces 
(67) in a crosshatching fashion. These pieces can be 
attached to the stack at the same time as the needed materi- 
al and, thus, they will form a support structure for the 
laminated object. Later the extra material, although 
attached to the object (66), but relatively weak in 
strength, can be removed by mechanical means. 

still another way of separating extra material 
from the laminated cross-sections of an object is to utilize 
the fact that most of the thinly slices cross-sections, of an. 
object display a gradual variation in their geometry. 
Sudden differences in the geometry is a relatively rear 
occurrence (Figure 32). Therefore, if a cross-section (71) 
has been formed and attached to a stack and the next one 
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~ ( ^2 ) does not display sudden changes in the geometiy/ -^d^!iff^ 
. J.^^ »9"*r have portions to be discard which overlapI^isS]!!. 

" ^" the previous cross-section then it cam be attached to the" 

" " previous layer by pressinig it against the new l^er coated^" 
5:; with adhesive. Only the needed portions (62) of the layer" 
. _will come into the contact with previously attached lamina-" 

^^_tion_emd will be picked up through the use of the adhesive- . 

force while the unneeded material will remain on the plat-, 
form (56). The platform (56) which positions and places 
10 lamination against the stack of laminations can be a piece 

of material transpcorent to the laser beam or it can includ^— 
a vacuum or a magnetic pick up mechanism. 

The question of how to support noncontiguous 
portions of laminations during the laminating process, or 
155 how to sv^ort structurjaiy weak portions of the laminated 
object during that process can be resolved by including into 
the laminating sequence (Figure 33) a step of filling the 
space (71) bounded by the thickness of a formed lamination 
or several formed and assembled laminations with a flowable 
20 material. This material could be a powder, or a powder 

based slxarry, or a very viscous liquid, or a curable liquid. 

If a powder is vised a step , of its compression can 
be included in the laminating sequence. This step cam be 
performed for each layer separately or for several layer^, 
25 simultaneously. Similarly, for a cxirable liquid used to fill 

the space boxmded by the laminations a step of exposure to 
tiie curing radiation can be included in the laminating 
sequence. 

At the design stage the created geometry of the 
laminated object can represent a mold stirroimding the space 
of an object to be produced. In this case the flowable 
material belongs to that object and therefore, the stack of 
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laminations surrounding it ^ is remdved^af tejc^ ^gg^ 
process is- cofn^lete. ■ /':''"t^:cir~:^^7^r:T /- ; " " ' 

in other cases the f lovraJjle liateaSLlir^s^sed^ only 
to support laminations during the~l^jia:t3jig process "and , • 
therefore, it is removed after the process is comprete. 

The flowable material used inTthe. process can also 
be a liquid ceramic which after curing^ serves as a mold in 
the lost wax or a lost foam processes after material com- 
prising shee-t la m i n ations is removed out of it through 
melting or burning. It is also possible to perform lost 
material processes after an object has been created by the 
powder based or sheet based LOM techniques, using that 
object as a lost material in that process. 

The f low2a>le material can fill the space within 
15 the laminations by flowing it onto one or several lamina- 
tions and then scraping the excess with a scraping edge 
moving on the upper surface of this layer or layers. ' 

As shotad be evident from the above, there are two 
principal types of machines capsUsle of performing LOM 
20 processes: machines which form the material of a lamination 

after it has been attached to the stack and ones which form 
it before it has been attached to the stack. Bach type has 
its own advauitages and disadvantages. The type which cuts a 
cross-section after the attachment to the stack has a lesser 
25 chance of misplacing cross -sections with respect to each 

other since their relative positions are established by the 
beam positioning device (scanner or XY table) only. High 
precision of registration of layers amd the simplicity of 
the device aure the main advantages of this approach, but 
30 another benefit comes from avoiding warping of the laser cut 

material supported by the structure of the stack. A 
disadvantage of cutting on-stack is in somewhat greater 
difficulty of getting rid of the unwanted material 
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siirrounding tiie desired, mat:eriAi^ 

compared to the cut~of f-the-sta cl^ me±ho<g -^e^^ ibg^- 
■ the stack can be assisted: by-a-hotfplatK5^St^bifer "If 
a heat sensitive adhesive is coated" onto- the-sheets used in 
the; process. An ultra violet 

. sheets together if a w curable adhesive is ii^ed. 

3^ the cut-on-the-stack technique the sheet is cut 
by the cutting beam after being put into the contact with 
the top lamination of the stack and in some cases (although 
not necessarily) attached to it. The beam power is adjusted 
to preferably cut the material to ._the depth of one lamina^ 
tion. one way to facilitate separation of the material 
surrounding the laminated object is to cut parting lines in 
the portions of the material surrounding object's 
cross-sections during the cutting step of the laminating 
cycle.. This way separation of the object from the surround- 
'ing material can be performed in the same manner as a mold 
is separated from a molded object. As opposed to the 
conventional molding processes there is no limit to the 
number of parting lines which can be established. Another 
way to separate the unneeded material is to cut material 
surrounding every cross-section in a cross hatching fashion 
into a large number of squares (or other shapes). The 
surrounding material formed in this manner can be easil^ 
removed by mechanical means or by dissolving it in a solvent 
into which the whole laminated structure is immersed for a 
short period of time. The following are some of the primary 
techniques which are considered for separating the material 
which does not belong to the laminated object: 

Figure 39 illustrates how i. laminated object (loo) 
is separated from the unneeded portions (98) and (101). m 
order to accomplish the separation an unbonded condition has 
to be achieved on portions of cross-sections (96) , (97) , and 
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(99) whereTTi^eeded material overlaps the "material of the 
"^^g 'rPP^ition c an be achieved :in several ways which 
will now^be-^describied" in some detail . 

— It is possible to use the beam of the laser to dry 
off the glue- on the portions of the previous layer which 
must not become _attached to the new layer. This can be done 
before or after the attachment of the material which 
constitutes previous cross-section onto the stack. Figure 
38 shows sequential cross-sections (85), (87), and (84) of a 
part (81) shown on the Figure 36. The cross hatched part of 
the cross-section. (85) needs to be scanned with the laser 
beam in order to deactivate its adhesive and prevent its 
attachment to portions of the cross-section (87) which do 
not belong to the object being created. The area to be 
scaxmed can be established by Boolean subtraction of the 
next cross-section from the previous one. This way areas of 
the cross-section (85) which overlap portions (91) and (92) 
of the lamination (87) will not be scanned. Subsequent 
cross-section (84) can be cut arotand its periphery. 

It is also possible to use the beam scemning in a 
manner described in the previous technique but with a power 
high enough to bum the material of the area being scanned 
so that an indentation is created which will prevent bonding 
of portions of the subsequent layer. This technique might 
be especially useful if the glue is deposited on the side of 
the material facing the stack. When an indentation is 
created the portions of the sheet material deposited on the 
top will not be in the contact with the material at the 
bottom and therefore will not glue to it. 

It is further possible to cut the unneeded materi- 
al before the sheet is attached to the stack. It is impor- 
tant to make sure the needed material stays attached to the 
sheet as it is done. Then the unneeded material 
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suctioned off . Then the needed material is brought into 
contact^^th^^the stack; glued by pressing it against the 
stack and cut off of the ribbon. This can' be done either to 
iiSnee'ded material from layers or to prevent 
portions of some cross-sections from attaching to the 
others. . . 

— Figure 40 illustrates another usef\il tecdihique. 
The part being created can be divided into severaa slabs 
each of which can be easilv sena-ra-Kor^ -Ft-rim 

— ^ - — ^ —^^mmm. W ^ W WfcAA^* ^AA^ 

material. These slabs can be created automatically by 
feeding partition sheets (103) / (104) , (106), (107), (108)^ 
and (109) onto the surface of the laminated stack when 
needed. It is recommended that a part being laminated 
shoiad be surrounded by a support structure which is grown 
simultaneously with it (see Figiire 36) . The support struc- 
ture has dole pin holes which are cut in the process too. 
Partition sheets are bonded to the stacks and sandwiched 
between them weakly enough to be easily separated. In the 
case of creating a part consisting of slabs shown in Figure 
40, the process might proceed as follows: first, remove the 
sheet (108) and put dole pins through the holes of the slab; 
next, remove unneeded pieces (110); then, remove the sheet 
(107) from the neact slab; next, remove the iinneeded materia^ 
(90); then, glue the slab to the previous one; next, removP^ 
the unneeded pieces (105) and the sheet (106); then, remove 
the sheet 104 from the next slab; next, remove the unneeded 
pieces (102) ; then, attach the slab to the stack; and 
finally, remove the sheet (103) and the support structure. 

Figure 37 illustrates how the cross-section (87) 
of the part (81) could be, first, bonded to the section (85) 
by moving a beam which activates bonding along dashed lines 
positioned within contours to be attached, and then cutting 
the material along solid lines. Corrections of the beam 



with activating energy (e.g., ligiit of a UV -l^^^^^^f^tf 
mask printed either on the materictl ±t^Blt^^~(±t'^^^f±S^ 
parent to the activating energy) or on ^^^^se^ara^ 
media. Also, the glue itself can be deposited—hy- printing - 
it onto the sheet within the areas of cross-sections" to b^^ 
bonded. A more detailed description of these techniques 
will be given in the description of the sheet system. 

The system capeOsle of selective bonding can be 
used to laminate a three-dimensional object out of more than 
one material by either supplying different materiaa.s for 
different laminations or even by supplying different materW 
als for a single lamination. The materials which con5)rise 
single lamination can be attached to the adjacent lamination 
by sequentially performing the selective bonding step for 
each of them, followed by the lamination forming step 
outlining the area comprised of that material, followed by 
the removal of the material surrounding that portion of the 
lamination • 

Jixst as there are many similarities between the 
powder and the sheet based LOM processes there zore a number 
of similarities between the automated systems which imple- 
ment them. Therefore, many features of the powder system 
are present in the' sheet appsiratus. 

The preferred embodiment of the powder based L^jJ^^ 
apparatus is shown on the figure 2. This embodiment incor- 
porates a powder carrying platform (2) located on a vertical 
stage (16) . The platform and the laminated powder layers 
(15) located on it are surrounded by an enclosure (17) whose 
walls are perpendicular to the laminated layers. The 
platform moves within the enclosure like a piston within a 
cylinder. The enclosure is necessary to prevent the break- 
age of the powder part during the compression operation. It 
also helps to define the outer periphery of the laminated 



layers. In order toJreduce~the friction between the laT^ ^j - 
nated powder layers and tlie enclostire "an~"open end or closed 
loop ribbon (9) can be^lLiitjroduced' between them . 

The encrosure wach^alsa"^^ the housing of 

the vertical stage is attadhed^to a f carriage (18) traveling 
reciprocally on two lineeir slides .(31) . The enclosure is 
located between the slides_in_such a mamner that the dis- 
tance (30) between the top_ of the enclosvird and the slides 
is much smaller than the total height of the fully extended 
vertical stage. This condition helps to reduce the bending 
moment applied to the slides during the compression opera- 
tion and prevents wedging of the carriage on the slides. 

The cycle staurts by moving the platform at a 
constant speed under the powder container (12). At this 
point the powder flow from the container is started by a 
linear actuator (10) opening the gate (11) covering the slot 
located at the bottom of the container. The flow cam be 
helped by a feed mechanism located near the slot. The layer 
of the deposited powder may be some^rtiat uneven at this 
point. It is flattened by the scraper (25) removing the 
excess of the powder from the part which continues its 
linear movement. The shape of the scraper can vary depend- 
ing on the applicatidn. Several possible shapes, including 
the straight edge (25a), flat bottom (25b), and curved 
bottom (25c) are shovm on the Figure 3. 

The thiclcness of the deposited powder layer is 
regulated by the movement of the vertical stage (16) which 
establishes desirable distance between (47) from the depos- 
ited layer to the upper edge of the enclosure should be made 
as small as possible to insure good support of the layers by 
the enclosure and to create a correct outline of the layer's 
periphery. 



As the linear^^mc^emeht of .:iiie 
•the deposited powder layer is compressed by;:ia :siationa^ 
roller. The pressure-of thk compression is regulated by the 
relative distance (19) between lower portion of tbe roller 
and the deposited powder layer and is monitored by the force 
sensor (26). This diistance is . regulated by the movement "of 
the vertical stage (l&),.__ a^e roller can be substituted by a 
system of rollers (Figure 12) which may be covered with a 
ribbon (48) which forms a less than 20 degrees angle (40) 
with the compressed layer (1) . 

Continuing its movement the part goes under -t^^ 
vacuum cleaning device (20) which suctions the extra powdS 
which has been removed by the scraper onto the upper surface 
of the enclosure (17) . The powder is transported by the 
moving air steam to a powder sep«urator (13) located eibove 
the powder in the powder container. The cyclone or a screen 
type separator retuarns the extra powder back into the powder 
container. 

If it is necesscury to introduce some liquid on the 
top of the compressed powder layer it is sprayed onto the 
siirface of the laminated part from the nozzle (24) as the 
carriage continues its linear movement. Moving fxartherthe 
carriage gets londer the laser scanner (28) which steers the 
beam produced by the laser (29) . At this point the covtp 
gas is supplied from the hose (27) into the enclosure (21) . 
During the portions of the cycle when the printing is not 
performed the enclosure is covered by the gate (22) located 
on a linear slide and pushed by the spring (23). As the 
carriage moves under the enclosure it pushes the gate away 
from it, thus exposing the upper surface of the laminated 
part to the laser beam. (7). 

If the scanner is of the type that scans along a 
single line then the carriage , continues its movement during 



TiT ir;z:i^e3printlhg step to cover the whole surface of tt^e 9^a£r3 
- layer - w ith ther scan; lines. Oft the other rhandX...ifi^^ 
. ^scanner is- capeOale of steering the beam around the surface^ 

^® stationary diiring the printing :stepi~ 
, 5 The (listamce between the scanner and the platform is kept 

■ ^o^stmt from cycle to cycle by downward movements of the 

^ ve rtica l stage as the new layers are added to the laminated 

Pa2^. After the completion of the scanning the ccurriage is 
returned into its initial position and the new cycle begins. 

A. modified version of the preferred embodiment is 
shown- on the Figures 19 through 23 . This . apparatus (Figtare 
19) includes a ribbon (50) with a flat upper surface. This 
ribbon is attached to the laniinations carrying platform 
located on the vertical stAge (16). The ribbon is attached 
15 to the upper edge of that structure and is directed on the 

laminations carrying platform. The material deposition 
container (12) is located above the ribbon, so that the 
. material has the ability to flow from the container (12) 
into the enclosure (17) oxay when the exit from the cpntain- 
20 er and entrance to the «iclosure overlap. The upper surface 
of the ribbon, the exit from the container, and the entrance 
to the enclosure are located in the same plane. 

In order to deposit flowable material onto the 
laminations carrying platform and simultaneously level it 
25 (Figure 22) the laminations carrying platform stxrrounded by 

the vertical support structure (17) is moved under the 
material container (12). The material flows from the 
container onto the surface of the upper lamination surround- 
ed by the structure it moves the lower edge (54) of the 
. 30 container levels the layer (53) to the desired thickness. 

The container can have walls which are essentially vertical 
. or form a less than 20 degrees angle with the vertical 

direction. 



Tlxe same method of deposition cajx be utilized "inTaZ 
version of the system which uses a rotary table as a mover 
- — of- the support structure (17) instead of linear slides. In 
— - that case the upper surface of the table serves the same 
purpose in the material deposition process as the ri b bon 
(50) . . 

_ _ _ After the layer has been formed the carriage 
(Figure 20) directed by linear ways (31) is moved under a 
flat piece (51) which is located at the compressing station 
of the appauratus (Figure 21) . The vertical stage (16) is 
elevated and the powder on it is compressed against th^ 
flat piece. The pressure of the con^ression is monitored ^ 
a force gage located within the support structure of the 
support piece. Next, the stage lowered to establish a focea 
distance between the upper layer of the laminations and the 
laser scemner. The carriage is moved under the laser 
scanner (Figure 23) where the laser beam directed by the 
scanner performed the laminations forming operation. 

Besides just described preferred embodiment there 
are other possible configurations of the lOM system. All of 
these configtirations perform the basic steps of the LOM 
process in different ways. Figure 10 shows a rotary taible 
(39) which moves the enclosure (17) containing the vertical 
stage (16) and the powder carrying platform (2) around 
circular trajectory. The powder deposition device (12) , the 
compression . roller (3), and the printing scanner (28) are 
located around this circle and perform the basic steps of 
the process as the platform is transported by the rotary 
table to them. 

Figure 11 shows a system where the powder contain- 
er (12) and the roller (3) reciprocally move over the 
surface, of the laminated part (14) which does not move in 
the horizontal pleme. The powder is deposited from the 
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container on one or the other side of l^ &^^^r ^ 



on the direction of its movement. 



The deposition is accomplished? b^y ^e'niS^^^ 
the gates (11) located on both sides of "^■^e~roller. As^the^ 
powder container moves away from the surface of the" laminate 
the printing device (28) located above it prints the 
cross-section. After that the powder platform, is lowered to 
accommodate a new cross-section. 

Figure 13 shows a roller (3) which magnetically or 
electrostatically attracts a thin powder layer (1) from the 
powder container (12) as it rotates while the powder flows 
onto its surface from the container. Simultaneously the 
roller rolls over the upper surface of the laminated part 
located on a reciprocating platform. As the roller with the 
15 powder on it rolls over the surface, the powder gets depos- 

ited and compressed at the same time. 

Figure 14 shows LOM system in which a stream of 
particles (43), suspended in air or a cover gas is resur- 
recting through a loop. Part of this loop is a rectangular 
20 channel with a transparent upper surface (37) located above 

the top surface of the laminated part. The beam of the 
printing device can be transmitted through this surface. 
The powder deposition is accomplished by a vertical movement 
of the powder carrying platform (2). The powder from the 
25 stream gets caught between the upper stirface of the laminate 

and the transparent piece (37). it is compressed by the 
same movement. After that, the beam transmitted through the 
transparent piece (37) prints the cross-section Next the 
platform is lowered allowing the steam of the suspended 
powder to resume its flow. The concentration of the powder 
in the steam is maintained by adding it from the container 
(12). 
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Figure 15 shows a similar axrai^rement -to the one 
described previously but the circulating powder is deposited 
and simultaneously compressed by a recip^bcatfirig"~ 
The roller catches some of the powder uhd'^ it as it rolls 
over the surface of the laminate. The printing beam shining 
through the transparent roof of the enclosure and the 
semitransparent steam of- suspended powder _ prints the 
crossrsection on the surface of the laminate. 

Figure 16 shows a version of the LOM system which 
instead of previously described cycling procedures preforms 
depositing, con^ressing smd printing steps -of the 
process continuously and simultaneously. In this system tt^ 
powder carrying platform (2) is circular. As in the rotary 
table version the powder container, the roller, and the 
15:^ printing device eure located aroiond a circle. But in this 
case the powder continuously flows from the powder container 
on the flat side of the cylindrical laminate. It is 
simultaneously compressed by a roller located along one of 
its radii. The scanner also operates continuoiisly along one 
2D-; of the radii. The platform is continuously lowered as the 
thickness of the laminate increases. 

Figure 17 shows emother version of the LOM system 
operating in a continuous fission. But in this case the 
powder is deposited onto a cylindrical surface. The deposit 
25 tion is accomplished by, first, depositing the powder on a 

continuously moving conveyor belt. A cylinder (49) capable 
of vertical and rotary movement presses against the surface 
of the powder carrying belt as shown on the pictiire. As the 
new layers of the powder adhere to the surface of the powder 
3QZ cylinder (14) its diameter increases. . At the same time the 
scanner (28) prints the object on the surface of the cylin- 
drically compressed powder layer using cylindrical coordi- 
nate system for definition of the part's geometry. 
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uses a plate c onve yor 46^as an Intermedtatte carri^ .of ".-tte 
deposited powder. First, a powder layer is deposited onto a 
transparent -plate T3 7)" conveyor. ...Then the _ 

5 conveyor transports the 'plate lander the powder carrying 

platform (2) . Next, the linear stage 16 moves the platform 
down so that the __upper_starf ace of the laminate presses 
against the newly deposited powder layer thus accomplishing 
the deposition emd the compression. After that the printing 

10 beam shining through the transparent plate prints the 

cross-section. Inistead of the conveyor belt a rotary table 
with a transparent surface cam be used as asi intermediate 
carrier of the deposited powder. Another possibility is to 
have hontransparent plates on the conveyor and move them 

15 after each compression step so the printing beam will go 

through the space between two neighboring plates. 

As it was mentioned earlier the sheet system can 
be constructed using many design feattires of the powder 
apparatus. In fact the same system can be used for sheet or 

20 powder processes. The preferred embodiment of this system 

(Figxire 24) includes the flowable substance container (12) 
associated with the reciprocating carriage connected to the 
piston-like enclostire (17) attached at the upper edge to the 
ribbon (50) , just like it was done in the powder system 

25 shown on Figures 19 through 23. Additional elements of this 

system are a sheet feeder (57) capable of feeding sheets 
(60) one at a time on the surface of the ribbon (50) , a. 
vacuum pick up plate (56) capable of picking up sheets or 
portions of them from the surface of the ribbon or from the. 

30 laminated stack. Other elements of the system are extra 

material remover (59) , a compression plate (37) made out of 
material transparent to the curing energy delivered by the 
source 955), and a water or glue deposition roller (58). 



Tii&r&^^^a \ to at which the process, is 

performed: - ' \ "I. : . 



1- The flowabie- Biaterial depositions station. When the 
enclosure (17) is moving m material container 
(12) the material which could be a powder based sub- 
stance^ o r a ctirable liquid is deposited in the space 
bounded by one or several formed Icminations and is 
leveled by the lower edge of the container at the same 
time. The top surf ace of the laminated stack coincides 
with that edge when the leveling takes place. " ^ 

2 - The curing or compression station. If the flowable 
material is a powder based material then compression is 
performed there by elevating the vertical stage (16) 
and pressing the stack against the plate (37). If a 
cu r a b le liquid is used then the energy source (55) 
delivers the cxiring energy to the liquid in that 
position. 

3- The stacking station. At that station a formed 
lamination is deposited on the surface of stack located 
on the platform (2). The deposition is performed by 
the vertical movement of the stage (16) and press ijf| 
the upper sxirf ace of the stack against the formed emd 
adhesive coated lamination (60). At this point the 
suction foirce exerted by the suction pick up plate (56) 
is released. 

4- The sheet deposition and forming station. At this 
station, sheets are deposited from the sheet feeder onto 
the sxirface of the ribbon (50) or a vacuum platform 
attacked to it. The combination of the laser and the 



scanner lobated above it cut tHat sheet on the platform 
the form the lamination. - ' TT 



The laminating cycle for the above system coxad be 
performed in the following manner. First, a sheet (60) is 
deposited from the sheet feeder at the sheet depositing 
station while the carriage (17) is located in the position 
HI (Figure 24). it is formed into a lamination by the 
laser scanner according to the instructions of the computer. 
Next, the carriage is moved into the position II and the 
formed lamination is moved into the position III. The pick 
up plate (56) picks up the lamination (60) . 

Then, the carriage (17) is moved into the position 
III. While it moves the roller (58) activates the adhesive 
on the bottom of the sheet held by the pick up plate or 
deposits a layer of an adhesive. At that ppsition linear 
stage (16) moves up and presses the upper layer of laminate 
against the lamination held by the plate (56) stimulating 
its attachment. If there is extra material remaining on the 
pick up plate then the carriage moves into the position II. 
The extra material is dropped onto the ribbon (50) and when 
it is moved into the position IV: it iS; pushed from the 
ribbon by the actuator (59) . 

If the system is instructed to fill the space 
between the laminations with a flowable material then the 
movement under the material container (12) is performed by 
the carriage (17) the same way as it was described earlier 
for the powder system, if the flowable material needs to be 
cured by the curing radiation then the carriage is stopped 
at the position II. 

Another preferred embodiment of the sheet lom 
system is shown in Figures 41 and 42. This system consists 
of a C02 or YAG cutting laser (122) and beam positioning 
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device (120) whicli . might be a scanner or an XI 
Platform (118) capable of computer controlled _ mov^meirtl^ 
towards euid away from the scanner is positioned und^""^^? 



scanner (120) by a vertical stagis. (118). The upper starfac^ 
5 of the platform is used for carrying laminations. Above the" 

platform there is a ribbon hemdling mechanism capable of 

_ computer controlled handling of the sheet material (112) fed 

from, a roll (Hi). This material can be also fed on the top 
of the laminated stack from a sheet feeding mechanism. 
10 The material could be a plastic film, or even 

paper. As it is positioned eUsove the laminated stack {lljfc^ 
it is coated with a glue from a glue depositing mechaniS 
(115) . After depositing of the glue, the ribbon (112) is 
pressed against the stack (117) . To achieve a uniform 
bonding a roller or a flat plate (123) is used for applying 
pressTjre against the ribbon. 

After the sheet has been attached to the stack the 
laser beam forms a cross-section by cuttdLng the material on 
the top of the stack preferably to the depth of one lamina- 
20 tion. The system can be built to selectively bond portions 

of material which belong to the laminated object onto the 
stack. For example if a heat activated glue used in . the 
process the same laser (122) that performs the cutting could 
be used to selectively heat the material of a cross-secti^ 
in order to bond needed portions of it to the stack before' 
the cutting (just move the beam faster) . An additional XJV 
laser (121) can be added to the system (possibly using the 
same scanner (120)) in order to selectively activate the 
adhesive within the boundeury of a lamination. 

Another way to achieve a selective bonding is to 
use a printer (113) for printing negatives of cross-sections 
on the transparent ribbon (112) before placing the material 
on the stack. The pictiare obtained in this manner will 



serve as a mask for selecting s^&AB^ e^^^^ 

bonded to the stack. The bondingtjsai^berfaccompiished-b^ 
pressing the material (112) with the "¥aisk^riirted oh it 
against a flat piece of glass (123)7iird^^ir:cp9|^ materi-. 
al to a UV light from a lamp (116). After the gluing the 
glass and the lamp are moved aside and the laser beam 
performs the cutting to the depth of- -one lamination. The 
precision of positioning of the printed cross-section on the 
stack is not a serious concern since the final precision of 
the part will be determined by the cutting laser beam jtist 
like in is done in the current version of the machine. The 
masking images created on the laminated sheet can be printed 
in color and extend a short distance inside the boundaries 
of the cross-sections which they represent. . The coloring of 
a lamination should correspond to the color of the three-di- 
mensional surface of the computer generated image al; the 
level of that paurticular' lamination. 

The glass plate (123) could be substituted with a 
wire screen made out of very thin (.001-. 005") wires forming 
a grid with fairly large (.020" or larger) cells. Because 
wires are so thin they are expected to allow the laser beam 
with the spot size .010" or larger to process the material 
underneath. On the other hand, a negative air pressure 
applied from the top of the screen could attract the unneed- 
ed material surro;anding cross-sections which have been 
bonded to the stack using selective bonding techniques 
described earlier. In case of metal foils this operation 
could be performed with a magnetic force applied in a 
similar fashion. Extra material will be moved with the 
screen away from the stack and discarded in a waste basket 
as the negative air pressure or the magnetic force is 
eliminated. 
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Using these techniques a three-diiae^^ objects" 
can be manxif acttired out of more thaii' one material by either 
supplying different materials -^or-diiferent~^^^ or 
even by supplying different materials for-a-single lamina- 
tion. The materials which comprised single ^lamination can 
be attached to the adjacent lamination by sequentially 
performing previously described selective bonding step for 
each of them, followed by the lamination forming step 
outlining the area comprised of this material, following by 
the removal of the materisa surrounding that portion of the 
lamination. 

Another version of the cut-on-the-stack machiJi^ 
which has the capaOsility of removing the extra material 
sTirrounding each cross-section during each laminating cycle 
1^ is illustrated on the Figure 35. In case of a metal part 

being made a metal cutting YAG laser (72) generates a laiser 
beam which is manipulated by a beam positioning device (73) . 
This device may be a scanner or an XY table carrying two 
reflecting mirrors or an optical fiber transmitting the 
20, beam. A metal ribbon coated on the top with a thin layer of 

copper is fed from a roll (75) . If the ribbon is not clad a 
thin layer of brazing paste or a glue can be deposited from 
a depositdLng device (80) . 

Initially, the stacking platform (76) movxA 
within the cylinder (77) presses the ribbon against a flat 
piece of glass (74). Neict, the laser beam brazes the first 
cross-section to the platform by performing a relatively 
fast movement within the cross-section. A possible trajecto- 
ry of this movement for a newly attached cross-section is a 
line parallel to the periphery of the cross-section preced- 
ing it on the stack and located within it. Later, the 
platform moves a short distance away from the glass and. the 
laser performs cutting in the high power pulsing mode. The 
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power of tlie beam is adjusted to perform cutting to the 
depth of a single lamination. A rectangular periphery is 
cut around the cross-section. a?his releases the ribbon for 
further movement. The cut off pieces fall onto the glass 
(74) . They are swept by a reciprocally moving wiper blade 
into a waste basket. The ribbon (75) advances and the 
process resumes. After all of the laminations have been 
deposited and cut the part (79) is removed from the platform 
(76). 

If a plastic film is used for the production and a 
C02 laser is required instead of a YAG one then the glass 
(74) can be substituted with a wire screen ha:ving wires 
which are thinner than the laser beam which passes through 
the mesh. If a uv curable adhesive is used in the process 
15 then a DV laser can be associated with the C02 one in a 

manner similar to the one described for the previous version 
of the system. 

A cut-off -the-stack version of the system is 
illustrated on the Figure 43. This type of a system can be 
used for the production of plastic and metal parts, in case 
of producing a part out of a metal a sheet metal ribbon is 
fed into the macihine from a roll (143) . The ribbon is made 
from .002"-. 015" thick metal clad with a material of lower 
melting temperature (e.g., copper) on the top. Just like in 
25 the previously described version a brazing material deposi- 

tor may be incorporated into the system to avoid the neces- 
sity of using a clad or coated material. Copp^ is known to 
reflect lasex beams. However, the inventor's early experi- 
. ' ments have shown that its thickness is not suf fMent to 
' significantly impede the cutting process. '..He prodiiced some' 
_ successful samples by cutting from the copper coasted Side. ^ 

A laser beam is generated by the laser (125) and directed to 
__a cutting area of the ribbon (124) with the use of two 
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mirrors (127) and (129) attached to X and y stages of the 
positioning table (128) (or a scanner) . The beam is focused 
on the ribbon with a focusing lens located on the Z stage 
(126) of the positioning system. 

5 . process of creating a laminated part the 

laser beam is manipulated with the XYZ positioning table to 
cut a cross-section of a part designed on a CAD system. (A 
five axis laser system can be utilized at this stage, to 
achieve a better approximation of the final geometry of the 

10 part by tilting the lasez- beam during the cutting step) . 

Initially a rectangular sheet larger than a cross section i^ 

_ cut out of the ribboni It drops onto the conveyor (133 jm 

The conveyor carries several glass plates (135) transparent 
to the YAG laser beam. As the rectangular portion drops it 

15-' may be attracted to the sxirface of the plate by a magnet 
positioned under the plate (if it consists of a magnetizable 
. material) . After cutting the rectangular boTindary the laser 
beam cuts the rest of the cross-section around its periphery 
as it rests on the conveyor. The material of the conveyor 

20. is not absorbing of the laser radiation used for cutting. 

Later the conveyor (133) moves the cut 
cross-section to the stac3cing station (140). After the 
cross section (134) is positioned under the stacking plat- 
form (139) the platform is moved downward tintil the stacA 

25 located on it presses against the crossr-section (134) to ^ 

attached. A load sell (141) transmits the feedback about 
the load. The amount of load necesssiry to apply to a 
. . P?F|^i^af . .cross;^secJbigij. Will- 1?^ piroportipnal to . itt >«rea .* 
. /.^._.Tfte>3r^.a^^^wi3,l be- calcul.ated by. ^!^e computer.-. .■.;.,-/.--■.■ .-. >-.n '^--.-.'-.vv^.:- 
\; the cross^section is pjfessed . against the 

stack the second laser (130) turns on. Its beam manipulatef3 

_ - 7- by the second XYZ positioning system (131) ;or by a scaiSi^^ 
scan the bort^ of the cross^section within; thi^ 
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area to be attaclxed to the stack (it coxild be portion 
(13 6)). If parting lines have been cut in the material 
surroxinding a cross-section (as shown in the cross-section 
(134)) the beeua can raster scan the whole rectangular area 

5 and the surrounding material csm be sepaxated from the part 

in a mold like fashion. Otherwise, the extra material 
surrounding the newly attached cross-section stays on the 
conveyor as the laminating platform (139) is elevated* This 
material gets discarded into the waste basket (132) as the 

10 conveyor moves for the new cycle. The intensity and the 

speed of motion of the second laser beam has to be adjusted, 
to melt the brazing layer. Instead of having another laser 
the beam from the laser (125) can be split into two beams, 
with the second beam utilized for brazing. 

15 In order to achieve successful lamination the 

bottom of the stack should be free of oxide film and of 
dross (resolidified metal drops which axe usually produced 
as a result of laser cutting) . To clean the bottom of the 
stack the positioning system of the stacking station (138) 

20 brings it into the contact with with the grinding belt 

(142). 

If a DV curable adhesive is used in the production 
along with some plastic or composite sheet material then the 
second laser (130) could be a UV laser. Also a UV lamp cold 
25 be used to illuminate the bottom of the stack (138) after a 

lamination has been attached smd the extra material sxir- 
rounding it has been removed in a maimer described above.. 
^ : . :This St would _allow^tp .achieve f Till bond for ^^ t^ 

- attached lamination with the stack. In case of metal the 
» 30 same effect could be achieved by introducing heat to the 

- whole —surface of the laminatipn, for example , through a 
4 cpntaa:~with "a ~Hb^t7~pl m case of a composite fiber 

- - — - sheetlTused - aSr-as—raw-. material a part's shape could be first 
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defined using a relatively wealc bond provided with, for 
example, a heat activated adhesive and, next, after the part 
is separated from the unneeded material it could be impreg- 
nated with a two component resin traditionally used in 
manufacturing of composite parts . The advantage of this 
system is that it might be faster than the one described 
earlier since the bonding and cutting are performed simulta- 
neously at different stations. 
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1. A method of forming am integral three-^ 
dimensional object from laminations, coa^jrising the steps 



of: 



positioning a platform' in proximity, to means; for 
forming a material into a plxirality of individually f oonaed 
laminations in shapes required for assenS>ly iii a 
pre-selected sequence into said three-dimensional object; 

providing electronic means for controlling ' the 
operation of said lamination forming means to provide said 
individxially contoured laminations for said three-dimension- 
al object and to separate said material which does' not 
12 belong to Said object; 

entering data conoeming said three-dimensiionai 
object into said electronic operation controlling means' and 
thereafter instructing said electronic operation controlling 
means to operate said lamination forming maims in a aonr 
trolled manner so- as to form said plurality' of individually 
contoured laminations, and to facilitate separation of saifi 
material which does not belong to said object; ' 

assembling said plurality of individually con- 
toured laminations in said preselected sequence into the 
22 form of said three-dimensional object on said platform; : 

said plurality of individually contoured lamina'- 
24 tions being assembled such that each of said individually 
contoured laminations is integrally - bonded to the next. 
26 . -. ad j acent of said individually— contour^d^ lamiiiatif cms ' to 
,- - . . complete the formation of said three^dULi^isionai: bfe^^ct " a^ 
Z8 to accomplish separation of said liree-dikension^ 

from said material which does not 2bel 
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2. A method for forming an integral three-di- 
2 mensional object from laminations comprising the steps of: 

providing means for storing and supplying a powder 
4 based material; 

depositing a layer of said powder based material 
6 of a predetermined thickness on a platform or an upper layer 

of said powder based material already positioned on said 
8 platform;. 

utilizing concentrated energy meems to chemge a 
10 property of at least a portion of said layer of said powder 

based material to form an individually contoured lamination, 
12 and to facilitate separation of the renainder of said powdJP 

based material from said individually contoured lamination; 

14 and 

repeating said layer depositing and energy utilia- 

15 ing steps to form a plurality of said individually contoured 
laminations; 

la each of said individually contoured laminations 

being integrally bonded to the next adjacent of said indi- 

20 vidually contoured laminations by one of said layer deposit- 
ing and energy utilizing steps; 

3. The method as defined in claim 2 wherein said 
2 powder based material is a plastic, or a metal, or 

ceramic, or a composite powder. 

4. The method as defined in claim 2 wherein said 

? ' ;P cont^ains^ v to-.^ > 

. major, part of which is .removed during ^or -aft^-ft»rmihg said 
4 . three-dimiensional object. . r^- . ; - ^ . ; . ' 

^- ^ ■ r ■ '^v ■ ae^od as . defiiiei<riLtt" ibOaiA 

Z powder based material is , -pre^oni^Pbj^^ ©r 
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press-rolling into thin sheets of weakly bonded powder prior 
4 to said energy utilizing step. 

6. The method as defined in claim 2 wherein said 
2 energy utilizing step is followed by a compressing step. 

7. The method as defined in claim 6 wherein said 
2 compressing step results in a weaiay bonded, green state 

powder. 

8. The method as defined in claim l wherein said 
2 lamination forming step includes concentrating energy of 

said lamination forming means on a spot on the surface of 
4 said material by means of focusing a layer forming beam of 

small diameter. 

9. The method as defined in claim 2 wherein said 
2. energy utilizing means is Concentrated on a spot on the 

surface of said layer of said powder based material by means 
4 of focusing a layer forming beam of a small diameter. 

10. The method as defined in claim 8 wherein said 
2 layer forming beam is a beam of photons. 

11. The method as defined in claim 9 wherein said 
2 layer forming beam is a beam of photons. 

- 12 . The method as def ined in claii "^ wherein "said^ 
layer forming beam is a beam of high energy pau:1:icles. T " " 

.'. ^® method as defined in ;claim 9 wherein- said^ 

^^^^^ forming beam, is a beam of high energy particle^ . 
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. 14. The method as defined in claim 9 wherein said 
2 layer forming beam is a beam of microwave energy. 

15. The method as defined in claim 2 wherein said 
2 energy utilizing ^step includes concentrating a jet of a 

matter capable, of chemically changing or mechanically 
4 bonding the powder based material within the pattern of a 

cross-section. 

16. The method as defined in claim l wherein said 
2 lamination forming step includes concentrating a high energv 

liquid jet to cut said materiaa. W 

17. The method as defined in claim 2 wherein said 
2^ energy utilizing step includes heating of said powder based 

material . 

18. The method as defined in claim 2 wherein said 
2 energy utilizing step causes compaction resulting in bonding 

of the compacted powder particles. 

19. The method as defined in claim 2 wherein said - 
2. change in property between said individually contoured 

lamination and the remainder of said material is a diffe^ 
4 ence in a mertianical property. ^ 

20. The method as defined in claim 19 wherein 
J2i.: , said . ^ference saLid,.«liee^^ ^ o^e 

, bonding strength, fragility/ hardness/ impact resistance/ br - 

.4^... yield.. strengtti ' '.,„:. ■, i:. <..;..:.. -.-r.-xh 



20^ ; >The m as : defined in claim 1^ ^whereii^ 



rsciid. .difference in said mechanical property is utiiize^^^^ 
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separating said three-diiaensionea object from the remainder 
4 of said material. 

22 . The method as defined in the claim 19 wherein 
2 said three-dimensional object is separated from the 

remainder of said material by one of impact, vibration, grid 
4 blasting, ultrasonic clesming, or cavitation. 

23. The method as defined in claim 20 wherein 
2 said difference in said mechanical property is achieved as a 

result of at least one of melting, sintering, chemical 
4 • bonding, frictional bonding or coa^action. 

24. The method las defined in claim 20 wherein 
2 said difference in said mechanical property is increased by 

heating said three-dimensional object emd the remainder of 
4 said material. 

25. The method as defined in claim' 24 wherein 
2 said heating talces place in a reactive gas or a liquid. 

26. The method as defined in claim 25 wherein 
2 said reactive gas or liquid cause oxidation or burning of 

the remainder of said material surrounding said three- 
4 dimensional object. 

27. The method as defined in claim 24 wherein 
2 . said: heating. taJces , place in a vacuum. ■ v 

. . ^® *® defined in claim 20 wherein 

2 said difference in said mechanical property is increased for 

: each of said la yers sep arately by first applying said energy 

said change in an area outlining a 
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cross-section of said three-dimensional object and then 
introducing a reactive gas or a li«3uid above a sxirf ace of 
said layer and heating said sxirface to cause weakening of 
bonds of the r«aainder of said material surrounding said 
three-dimensional object. 

29. The method ais defined in claim 24 wherein 
2 said heating of said three-dimensioixal object and the 

remainder of said material is performed during said energy 

_ method as defined in claim 2 wherein ssiffj^ 
2 ' change in property caused by said energy utilizing step is a 
dif f erence . in a chemical proper^. 

31. The method as defined in claim 30 wherein 
2 said difference in said chemical property is utilized for a 

chemical separation of said three-dimensional object from 
.4 the remainder of said material. 

32. The method as defined in claim 31 wherein 

2 said chemical separation is accoii5>lished by the application 

of a chemical adapted to dissolve said powder based materi- 
4 al. 

33. The method as defined in claim 2 wherein said 
Z change in property caused by said energy utilizing step 

..i: ^ffectg said po wd^ based material forming^ said individually 
■ . contoiired laminations. '"' : ■ ' - - ■ .■w.-r .-•.;::...■■■/■ 



2^ 



1 ^M^:^IB^^<^ as defined in claim 2 wherein said 

change_ in ,^roperty±caused by -said utiJLiz ing: stei> affects ? the 
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remainder of said material surroxinding said individually 
4 contoxared leuainations . 

35. The method as defined in claim 2 wherein a 
2 cover gas or a liquid is applied to said layer during said 

energy utilizing step. 

36. The method as defined in claim 35 wherein 
2 said cover gas or liquid is selected from those utilized in 

powder metallurgy to accomplish a strong bond during 
4 sintering. 

' 37. The method as defined in claim 35 wherein 
2 said cover gas or liquid is directed to the surface of said 

layer with a nozzle. 

38. The method as defined in claim 35 wherein 
2 said cover gas or liquid is contained over the surface of 

said layer under a flat material transparent to said concen- 
* trated energy means. 

39. The method as defined in claim 35 wherein 
2 said cover gas or liquid is contained over the surface of 

said layer by an enclosure which extends from said concen- 
trated energy means to the surface of said layer. 

40. The method as defined in claim 2 wherein a 
vacuum is established over the- surface-riayer during said 
energy utilizing step. ' . , 

. 41. - The ittethod2\as defined in_ claim 35 wherein 

said difference in said mecha nical property is achieved by a 
compaction resulting f torn " high -pressures--caused by a rapid 
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4 . . evaporation of said cover gas or liquid or a portion of said 
powder based material induced by said energy utilizing step. 

42. The method as defined in claim 2 wherein said 
2 concentrated energy means is em electric current. 

43. The method as defined in claim 5 including 
2 the step of applying an optimum pressure of compression, 

such that the bonding force between the particles of said 
4 powder is strong enough to resist warpage but weak enough to 

allow separation of the remainder of said powder from said 
6 three-dimensional object. 'ffjl' 

44. The method as defined in claim 2 wherein said 
2 energy utilizing step fuses said powder based material into 

a network to resist warpage regardless of the shape of said 
4 three-dimensional object. 



21 



45. The method as defined in claim 44 wherein 
said network is separated from said three-dimensional object 
during or after the separation of the remainder of said 

4 material. 

46. The method as defined in claim 43 where^ 
2 draft angles are incorporated into walls of said thre? 

dimensional -object whicih are parallel to said individually 
4; contoured laminations to resist warpage. 



' as ,define<rL4ix__jc^ 
rxbs are incorporated into walls -.of said : three-diiensiorial 
object Which, are parallel._to. -said - individually contoured 
laminatipns to .resist warpagev : " — -tzt-^tt-;-:— - - . • v . 
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48. The method as defined in claim 43 wherein 
large cross-sections of said three-dimensional object are 
divided into a ntunber of adjacent relatively small portions 
separated by boundaries consisting of the remainder of said, 
material unaffected by said energy utilizing means to resist 
warpage. 

49. The method as defined in claim 48 wherein 
said portions of any one of said large cross-sections added 
on the top of another one of said large cross-sections 
overlap said boundaries between said portions of said other 
one of cross-sections. 

50. The method as defined in claim 2 wherein said 
energy utilizing step affects thin lines of powder based 
material defining the periphery of said individually 
contoured lamination. 

51. The method as defined in claim 50 wherein 
said lines of powder based material are integrally bonded to 
each other during said energy utilizing step to form a ^ell 
encapsulating powder based material to form the remainder of 
said three-dimensional object. 

52. The method as defined in claim 51- wherein 
said shell including said encapsulated powder based material 
is separated from the remainder of said material ^and 
•sintered in a fxiimacse to cause fusion of said ^ehcl^slil^ed ' 
powder based material. : — . 

53. The method as defined in claim. 2 wherein said- 
powder based material is a composite powder based on_metai 
or ceramics with less than 20% of its volume consist ihg:^^: 
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an adhesive component comprised of plastic powder or a 
liquid adhesive each curable during said energy utilizing 
step. 

54. The method as, defined in claim 53 wherein 
said plastic powder or liquid adhesive is present in said 
composite powder in a quantity so as not to completely fill 
all the spaces between the particles of said powder based 
materieil. 

55. The method as defined in claim 53 wherein^ 
friction bond is formed between said powder based materilP 
during a compression step with said adhesive material being 
encapstaated within the porous structure of said comppsite 
material which is formed as a resxzlt of said coa^jression. 

56. The method as defined in claim 53 wherein a' 
bond is caused during said energy utilizing step due to said 
plastic powder or liquid adhesive in said powder based 
material and the absence of said bond in the remainder of 
said powder based material not subject to said energy 
utilizing step is , later used for separation of said three- 
dimensional object from the remainder of said material. 

57. The method as defined in claim 53 wherein 
said material comprising said plastic powder or liquid 
adhesive is evaporated from said three-dimensional object in 

):':}>.^^.:Pi'^^^^. I^iis leaving metal or ceraa^c^object.Xi^l 

58. The method as elefined in claim 1 whereiii s^'d' 
individually contoured., laminations are defined - by "siid 

— lamination, forming means tixrough ablit^^^ 
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4 of said individually contoured laminations in a raster 

fashion. 

59. The method as defined in claim 1 wherein said 
^ 2 individually contoured laminations are defined by said 

lamination forming means through cutting said material on 
^ 4 the periphery of said individually contoured laminations in 

a vector fashion. 

60. The method as defined in claim 1 wherein said 
2 material comprising said individually formed laminations is 

an organic sheet material and said lamination forming means 
4 is a laser beam manipulated by a laser scanner. 

61. The method as defined in claim 60 wherein 
2 said organic material, is a foam or a paper. 

62. The method as defined in claim 1 wherein said 
2 material comprising said individually formed laminations is 

a multimaterial sheet such as a composite sheet, or a 

4 bimetal sheet, or a coated sheet, or a multilayered sheet 
where at least one material comprising said sheet is a 

5 primary material serving as a carrier for a secondary 
material adapted to facilitate bonding of said individually 
formed laminations to each other. 



.- z- 

. 4 
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63. The method as defined in claim 62 including 
the step of . removing one of said primer' an<i secondairy 
materials without removing the other of said primar^ and 
secondary materials. 



: 64,. The method as defined in claim 62 wherein 
^^^'^-P^^'^'9i;-»^^«^ial is a precompressed powder sheet. 
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65. The method as defined in claim 62 wherein one 
2 of said primary and secondary materials is an organic sheet 

material and the other of said primary amd secondary 
4 materials is am inorgamic sheet material. 

66. The method as defined in claim 62 wherein 
2 said secondary material is an adiheslve. 

67. The method as defined in claim 1 wherein at 
2 least some of seiid individually contotired laminations are 

formed after attachment of material coa^^romising said 
4 individuaaiy contotired laminations to; a stack thereof. W 

68. The method as defined in claim 62 wherein 
2 portions of said primary layer or said secondairy layer of 

material which do not belong to said three-dimensional 
A: object and remain iinremoved after said lamination forming 

step are removed from said three-dimensional object by 
6.. chemical etching after assembling and integrally bonding 

said individually contoured leuaihations . 

69. The method as defined in claim 62 wherein 
21 said secondary layer of materieO. serves as a protective 

^°^_.>*i<* primary layer of material in said chemical 
4 etching process used for forming said individually contour^ 

laminations, and where said individually contoured lamina- 
6^ tions are. formed by, first, using said lamination forming 

■ :.^..-,.J'^^^j^^.^s^k^ct^: removal, of , poartions . Of said, secondary- 

layer of mateirial within the adreas overlapping, remove 
IQ. Of said -secondaa^^' 1^ .-..s.. .-^^ u.^: 
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70. The method as defined in claim 62 wherein 
said secondary layer of material is used for bonding said 
individually contoured laminations together by heating said 
individually contoured laminations to a temperature at which 
said secondary layer of material melts. 

71. The method as defined in claim 1 wherein said 
assembling step is accomplished through diffusion bonding. 

72. The method as defined in claim 66 wherein 
said adhesive is activated for bonding said, individually 
contoured laminations by wetting said adhesive with water. 

73. The method as defined in claim 66 wherein 
said material is precoated by said adhesive pr is coated by 
said adhesive during said three-dimensiona^L object forming 
procedtire. 



4 



74. The method as defined in claim 66 wherein 
said adhesive is activated for bonding said individually 
contoured laminations by affecting said adhesive with a 
source of activating energy. 

75. The method as defined in claim 62 wherein 
said preselected sequence of assembling said individually 
contoured laminations is such that portions of said material 
which do not belong to any of said individually contoured 
laminations are not iremoved-from-sSaid platform aftir forming 
said individually contoured lamiiiations . i.. . 

' ^g*" method as d efin ed" in claim 75 wherein 

said -rpreselected sequence "of assemblin g said individually 
, contoured laminations is-'srich thatr^sefid "unremoved portions 
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4 of said material are prevented from integrally bonding to 

said three-dimensional object by using said lamination 

6 forming means to selectively bum, dry, cure or deactivate 

at least some of said secondsury material. 

77. OJhe method as defined in claim 75 wherein 
2 said preselected sequence of assembling said individually 

contoured laminations is such that unremoved portions of 
4 said material are prevented from integrally bonding to said 

three-dimensional object by selectively activating adhesive 
6 properties of said secondary material by a laser beam only 

within the periphery of said individually contoured laming 
8 tions. 

78. The method as defined in claim 75 wherein 
2 said unremoved portions of said material are cut in a 

crosshatching fashion into multiple pieces which, after said 
4 assembling step, are separated from said three-dimensional 

object by mechanical means, 

aethod as defined in claim l wherein said 
lamination forming or said lamination assembling step is 
accomplished by a laser beam or other source of energy 
^ transmitted through a flat piece of material transparent ^ 
said beam or through a screen having wires thinner than sa" 
laser beam or other source of energy passing therethrough. 

^ , ''^ wherein 

H - ^""""^ ^f^^^^^ :seguence ot as sembli W said . individualljr^ 
contoured laminations, is such, that, first, said iiatefial is 
cut on the periphery Of _said :indivi^ 

tions; next, said cut inaterial-isT:pressed-.between stick of 
said inciividHally .cpntouredr::a5mi^^ 
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platform and said flat piece of transparent material or 
8 • screen; and then portions of said material defining said 

three-dimensional object are welded, soldered or adhesively 
10 attached to said stack by a laser beam or other energy 

source directed through said flat piece of transparent 
12 material or screen. 

81. The method as defined in claim 1 wherein said 
2 preselected sequence of assembling said individually 

contotired laminations is such that, initially, an individu- 
4 ally contoured lamination is formed by removal of material 

surrounding a cross-section of said three- dimensional 
6 object, said individually contoured lamination being placed 

on said platform on which said individually contoured 
8 laminations are assembled or to a stack of said laminations 

on said platform, but at least some of subsequent ixidividu- 
10 ally contoTired laminations being attached to said stack amd 

each other by, first, cutting a subsequent individually 
12 contoured lamination from said material in a vector fashion 
and then pressing said subsequent individually contoured 
14 lamination against said stack of individually contoured 

laminations to adhesively attach said subsequent individual- 
16 ly contoured lamination to said stack of individually 

contoured laminations and removing the material surrounding 
said subsequent individually contoured laminations there- 
from. 

. . 82 . . The method as defined in claim 1 wherein sa^^^ 
2 preselected sequence of assembling said individually 

contoured laminations includes a step of filling :al_s^^^^ 
4 - bounded by a thictaiess of one .or more forin^d ihdj^i^idu^ai^ 
> contoured - laminations with a fiowable material/ . -^^ 
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SS. The method as defined in claim 82 wherein 
2 said f lovable material is a powder based material or a 

liquid curable into a solid. 

84. The method as defined in claim 83 wherein 
2 said preselected sequence of assembling said individually 

contoxired laminations includes a step of ctiring said liquid 
4 into a solid by an exposure to a source of em energy radia- 

tion or by an exposure to a curing environment such as air 
g: or a vacuum. 

85. The method as defined in claim 83 whereJI 
2 said preselected sequence of assembling said individually 

contoured laminations includes a step of compressing one or 
4r several of said individually contoured laminations filled 

with said powder based material. 

86. The method as defined in claim 82 wherein 
2. said flowable material belongs to said three-dimensional 

object and, . therefore, said individually contoured lamina- 
tions surrounding said flowable material is removed after 
completion of said preselected sequence of assembling said 
individually contoured laminations Has been completed. 

87. The method as defined in claim 82 wherein 
said flowable material is used to support said individually 
contoured laminations and, therefore, is removed after-said 
preselected sequence, of assembling said individually^ con- 
toxireid lam i nations is con^lete. . ^™ 

.88. The method as-defined in plaim 62 ^ whei-eiii~ 
said flowable material is: a cer^c which" aiiir"^^^^^' 
serves as a mold in a lost material process aft^^^^^ffl^ 
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said individually contoured laminations through melting or 
burning. 

89. The method as defined in claim 82 wherein 
said space is filled with said flowable material by flowing 
some of said material onto said one or several individually 
contoured laminations and then scraping excess of said 
flowable material with a scraping edge moving on an upper 
surface of said individually contoured lamination or lamina- 
tions. 



I 



wo 90/03893 PCr/US89/04357 

- 72 - 

90. An appeuratus for forming an integral 
threie-dimensional object from laminations/ comprising: 

means for storing and supplying a material; 
concentrated energy or matter means for forming 
said materiea into a plxireaity of individually contoured 
laminations in shapes required for assembly in a preselected 
"sequ^ce into said three-dimensional object; 

electronic means for controlling the operation of 
said laminiation forming means to provide said individually 
contoured laminations for said three-dimensional object in 
response to data entered concerning said three-dimensional 
12 object; and ^ 

means for assembling said plurality of individual- 
14 ly contoured laminations formed frcrin said material in said 

preselected sequence into the form of said three-dimensional 
ISr object; 

said plurality of individually contoured lamina- 
18 tions being assembled such that each of said laminations is 

integrally bonded to the next adjacent of said individually 
2X) contoured laminations to complete formation of said integral 

three-dimensional object. 

91. The apparatus eis defined in claim 90 wherein 
2, said material stored and supplied is a powder base 

material. 



2> 



92. The apparatus as defined in claim 90 wherein 
sa id m aterial store<i and supplied at , siid 'station is a she:^t. 
material,.'" ; -•• 

- ::.^i^^-:rjr^:^.'- jThe apparatus as defined -in claim 91 wherein- 
.-^^^fcla^i^a^^^ includes a powder baseS 

-^^^^t^-^^^^ platform, means for forming a layer - of 
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said powder based material on said platform to a prede- 
termined thickness, means for compressing said material on 
said platform, and means for delivering concentrated energy 
to change a property of at least some of said powder based 
material to complete formation of one of said individually 
contoured lamination and to facilitate separation of the 
remainder of said powder based material from said individu- 
ally contoured lamination. 

94. The apparatus as defined in claim 90 wherein 
said lamination forming means includes a platform. 

95. The apparatus as defined in claim 94 wherein 
said platform is capable of holding a sheet material 
comprising said individually contoured laminations through a 
suction force applied through a flat filter screen, or a 
magnetic, an electrostatic or a gravity force, and where 
said platform is carried by a conveyor, or a linear slide, 
or a rotary table, or it is comprised of the surface of said 
conveyor or said rotary table; and where said material 
carried by said platform can face the ground, or away from 
the ground; and where said platform, is capable of carrying 
said material from a station where it is formed into said 

12 laminations to a station where said laminations are assem- 
bled into said three-dimensional object. 

. The apparatus as defined in claim 94 wherein 

said platform and- said assembling means are iocated at 

different stations and including means f or , 'p^iiiing 

cyclical movement between s^id platform and said ais^ii„g 
means. • - - ■ - .- — . . • ^ 
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97. The apparatus as defined in claim 91 wherein 
said material storing and supplying laeans includes a sieve. 

98. The apparatus as defined in claim 94 wherein 
said material storing and supplying means includes means for 
feeding said material from a container through an opening 
elongated in a direction perpendicular to said platform. 

99. The apparatus as defined in claim 94 wherein 
said material storing and supplying means includes a 
container located" cQ^ove a top layer of said individuall 



4 contoured laminations located on said platform. 



100. The apparatus as defined in the claim 91 
wherein said material storing and supplying meems includes 
meems for spraying said powder based materieO.. 

101. The apparatus as defined in claim 91 wherein 
said material storing and supplying means includes meazis for 
contacting em electrostatically charged surface of a top 
layer of said individually contoured laminations with said 
powder based material, 

102. The apparatus as defined in claim 91 wherei^ 
said material storing and supplying means includes means for 
magnetically attracting at least some of said powder based 
material to a surface of a top layer of said individually 
■xpontoured •.. Iguninatibhs ; , ' .- ' ' ; • • ■ ' ' ■ • : . ' 



^103. -The apparatus; w 91 wherein 

said material storing: and- supplying- TO 

aagnetipAlly . or "i^ectrostatical^^ attracting some of 
4= . - said powder materiaiz: .to::-^a-^cbmpressing- roller or i>ress 
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curves in sucOi a maimer that a leveled layer will be tangen- 
tial to the axtrvB during; formation. 

110 • The apparatus as defined in claim 106 
wherein said scraper stays stationary as said powder carry- 
ing platform moves parallel to a surface of a layer being 
formed. 

111. The apparatus as defined in claim 106 
wherein said powder carrying platform stays stationary as 
said scraper moves parallel to a surface of a layer being 
formed. 

112. The appsoratus as defined in claim 93 wherein 
said compressing means includes a compressing roller and the 
axis of said compressing roller stays stationary as said 
powder carrying platform moves parallel to a surface of a 
layer being compressed thereby. . • 

113. The apparatus as defined in claim 112 
wherein said powder carrying platform stays stationary as 
said coarpressing roller moves parallel to a surface of a 
layer being compressed. 

114. The appeoratus as defined in claim 93 wherei^^ 
said layer forming means stays stationary as said powder 
carrying platform moves parallel to a surface of _ ai layer 
being foihned. ■ * .• 



115. The apparatus as defined ^i^ 93-:Whe?reiri 
said powder carrying platform stays staticmeu^^ aa 
forming meajriS: moves parallel to a surface^of -a--"l-ayer~beii^ 
"formed, J ; ^ 
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116. The appaxatus as defined in claim 93 
including \iniform relative movement between said powder 
carrying platform and said lamination forming means. 

117. The apparatus as defined in claim 90 wherein 
the distance between said lamination forming means and a 
surface of an upper layer of said individually contoured 
laminations is maintained constant by an incremental 
reilative movement of either as new individually contoured 
laminations are formed. 

118. The apparatus as defined in claim 92 wherein 
said lamination assembling means includes a platform. 

119. The apparatus as defined in claim 90 
including means for compressing said material to integrally 
bond said individually contoured laminations. 

120. The apparatus as defined in claim 119 
wherein the pressure of said compressing means is controlled 
by controlling the distance between the lowest point of said 
compressing means and the upper level of said material prior 
to compression, the distance being maintained constant by an 
incremental movement of either as new individually contoured 
laminations are formed. 

121. The apparatus as defined in claim 93 wherein 
said compressing means is comprised of a stationary flat 
piece on a vertical stage , which supports and mbVes said 
platform, so that said, individually contoured laminatioiis 
located , on said platform can be compressed between said 
platform- and said stationary flat piece on said vertical 

-stage y?-. . ' .". " ' " •■ • ■ ' 
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122. The apparatus as defined in claim 121 
2 - wherein said stationary flat piece is transparent. 

123 . The apparatus as defined in claim 119 
2- wherein the force of said compressing meems is controlled by 

a feedback from a force sensor determining compression force 
4 - between said platform and. said compressing means. 

124. The apparatus as defined in claim 119 
2 wherein said compressing means includes a combination of 

rollers. 

- • 

125. The apparatus as defined in claim 124 
2 wherein said combination of rollers is surrounded by a 

ribbon. 

126. The apparatus as defined" in claim 119 
2-i wherein said plurality of individually contoured laminations 

is surrounded by a vertical support structure perpendicular 
4^ to said laminations and outlining the periphery thereof. 

127. The apparatus as defined in claim 126 
2 wherefcn at least a portion of said vertical support struc- 
ture is covered with an open or closed loop ribbon whit^ 

4 tidies against a stationary wall or a series of rollers ^ 

reduce friction of said material compressed against said 
6 vertical support structure. 

■r..^....-.^-:.-^J^^.T,, 3?he ..apparatus* as, defined -in claim- 126 
V * surface of an upper , layer, o 

is:Vlocated afc less, than 1/4" distance from an uppet ed^k of 
4 -s^d ;verticalT^ s^^ after compression by said 

■ — ~caani pressin g~means V : ■ .-^ t.-,-. 
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129. The apparatus as defined in claim 94 wherein 
said platform is located on' a vertical linear stage and is 
surrotmded by a vertical support structure so that said 
platform serves as a piston and said vertical support 
structure serves as a cylinder. 

130. The apparatus as defined in claim 129 
wherein said vertical linear stage is attached to a carrier, 
part of which is ooii5)rised of said vertical support struc- 
ture, where said carrier has the ability to move parallel to 
a surface of said individually contoured laminations. 

131. The apparatus as defined in claim 13 o 
wherein, said carrier is moved cyclically by a conveyor. 

132. The apparatus as defined in claim 13 o 
wherein said carrier is .moved by a linear stage on two 
linear slides with said carrier positioned between said 
linear slides. 

133. The apparatus as defined in claim 132 
wherein at least 3/4 of the fully extended height of said 
vertical linear stage is located under an upper surface of 
said linear slides. 

134. The apparatus as defined in claim 96 wherein 
said cyclical movement is achieved by a rotary table 
defining -said -platform,- - . . -.' r: ■ 

135. : The apparatus" as defined in claim 105 
Wherein -said layer levelling - means creates any excess of 
said powder based iateiial" after levelling said layer to 
automatically . be rec^^litiTliiac into a container of said 
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powder based material, said layer levelling means including 
vac3uum cleaning means and a cyclone device or filter to 
separate said powder based material, from a surrounding air 
stream. 

136. The appeucatus as defined in claim 91 wherein 
said material storing and supplying means includes means for 
circsulating said materiea between an upper surface of said 
individually contoured laminations and a flat piece of 
material transparent to said reseaibling means, said powder 
based material being su^ended in a moving stream of a gas. 

137. The apparatus as defined in claim 136 
wherein said mesms for storing and suj^lying said materiaa 
deposits simultaneously compresses said powder based materi- 
al by pressing an upper sxirface of said individually con- 
toured laminations against said flat piece of transparent 
material thus catching some portion of said powder based 
material therebetween. 

138. The apparatus as defined in claim 136 
including a roller for compressing said deposited powder 
based material by moving over an upper surface of said 
individually contoured laminations thxis catching som^ 
portion of said powder based material therebetween. ^ 

139. The apparatus as defined in claim 91 
including a conv^yor_ beit__or:^:a_ plate onto; whieSh said ; powder V 
based material is firstJdeposited,- knd- then attached ^ to an ■ 
upper su?:face of said in4iyi<^lly contoured laminitibns by 
pressing said powdeir -based-liiateriaa - spread ^ o said belt or 
plate thereag24nst." • • — "■ 
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140. The apparatus as defined in claim 139 
wherein said upper surface of said individually contoxired 
lamina-bions is facing down. 

141. The apparatus as defined in claim 139 
wherein said belt or plate is transparent to said lamination 
forming means. 

142. The apparatus as defined in claim 91 
including a rotary table onto which said powder based 
material is first deposited and then brought Tinder an upper 
surface of said individually contoured laminations by said 
rotary table for s\absecnaent coii5>ressing thereagainst. 

143. The apparatus as defined in claim 142 
wherein said rotary table is transparent to said lamination 
forming means. 

144. The apparatus as defined in claim 139 
wherein said belt has cut off spaces which are positioned 
between a scanner directing said lamination forming means 
and said powder based material tO; allow transmission of a 
layer forming beam. 

145. The apparatus as defined in claim 142 
Wherein said rotary table has cut off spaces which are 
positioned between a scanner directing said lamination 
forming means and said powder . based material to - allow" 
transmission of a layer forming beam. ^ 

146. The apparatus as defined cl^ 9r wherein 
said means for storing and supplying said "material , said 
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lamination forming means and said assembling means operate 
continuously and simultameously. 

147. The apparatus as defined in claim 146 
including a powder platform having a circular shape and a 
roller, powder deposition device and lamination forming 
means are located along radii of said platform. 

148. The apparatus as defined in claim 14? 
wherein said powder platform rotates and simultaneously 
moves away from said lamination forming means. 

149. The apparatus as defined in claim 146 
wherein said means for storing and supplying said material, 
said lamination forming means and said assembling meazis 
operate on a flat side of a cylindrically shaped stack of 
said individually contoured laminations. 

150. The apparatus as defined in claim 146 
wherein said powder based material is deposited on a cylin- 
drical surface. . 

151. The apparatus as defined in claim 150 
wherein said powder based material is deposited on sai^ 
cylindrical surface by applying pressure between saiF 
cylindrical surface and a moving conveyor belt having said 
powder based material in a layer thereon. 



152 . The apparatus as defined in„ claim isi 
wherein said axis of said ..cylindrical, surface contLuou^^^^ 
moves away from said conveyor belt. 



wo 90/03893 



83 - 



PCr/US89/043S7 



10 



153. The apparatus as defined in claim 126 
2 including a piece with a flat upper surface, said piece 

being attached to or pushed by said vertical support struc- 
4 ture and said surface being perpendiciaar thereto and 

located at the same plane as an upper edge of said vertical 
6 support structure, and said piece covering a material exit 

from a material container located thereabove and comprising 
8 said means. for storing and supplying said material, and said 

material being adapted to flow from said material exit of 
said material container only when said material exit and the 
periphery of said vertical support structure overlap. 

154. The apparatus as defined in claim 121 
wherein said flat piece is an open or closed loop ribbon. 

155. The apparatus as defined in claim 153 
wherein said material flows from said material container and 
is simultaneously leveled on it by first lowerixig a vertical 
stage within said vertical support structure to the thick- 
ness of a material layer to be deposited and then moving a 
carriage with said support structure relatively to said 
material container, so that said material flows from said 
material container onto an upper surface of said individual- 
ly contoured laminations on a platform and is leveled by a 
lower edge of said material container by relative movement 
parallel to said individually contoured laminations between 
said material container and said vertical support structure. 



S 
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156. The apparatus as defined in claim 155 
2 , Wherein walls forming said opening of said material cohtain- 
_ _ierzhave less than 20. degrees angle with the vertical direc- 

4: ±rr-tion. — ■ - 
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157. The method as defined in claim 1 wherein 
2 separation of said three-dimensional object from . said 

material which does not belong to said object is accom- 

4 plished by cutting a parting line in said material which 
does not belong to said object during said lamination 

6 ^^®P in. such a way that said three-dimensional 

object can be separated along said parting line after said 

5 laxaination assembling step. 

158. The method as defined in claim 62 wherein 
2 said primary material is at least partially transparent t^ 

an ultra violet or other radiation capable of causinfl 
4 selective bonding or curing of said secondary material 

within the areas of said lamination to which said radiation 
g. is to be delivered, and wherein said step of forming said 

individually contoured laminations and separating said 
8 material which does not belong to said object includes 

delivering an ultra violet or other radiation to cause said 
selective bonding, and wherein said selective bonding is 
performed during said lamination assembling step by moving 
said ultra violet or other radiation within the areas common 
to said individually contoured lamination and the adjacent 
individually contoured lamination to which it is integrally 
bonded, or by printing a mask which leaves said primal^ 
material only within the areas which are selected foT 
bonding by said electronic operation controlling means and 
IB- then illuminating said individually contoured laminations 
.J^rough. said mask, ..or by selectively depositing, or printihg 
20-. said secondary material; only within the area of said indi- - 
yidually contoured laminations Where said integral bonding 
^s required by said electronic operation controlling means; - 
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159. The method as defined in claim 158 wherein 
2 said preselected sequence of assembling said individually 

contoured laminations is such that, first, said material 
4 comprising one of said individually contoured laminations is 

attached to said laminating platform or to a stack of other 
6 individually contoured laminations comprising a portion of 

said three-dimensional object using one of said selective 
8 bonding techniques, and then said material comprising said 

one of said individually contoured laminations is cut by 
10 said lamination forming means around the periphery thereof 

to a depth of one lamination, or said material con^jrising 
12 said one of said, individually contoured laminations is, 

first, cut around the periphery thereof and then said 
14 individually contoured lamination is attached to said stack 

using one of said selective bonding techniques. 

160. The method as defined in claim 159 wherein 
2 said separation of said material which does not belong to 

said three-dimensional object is accomplished at each cycle 
4 of said three-dimensional object laaiination procedure by 

either positioning said platform in such a manner that 
6 pieces of said material surrounding said selectively at- 

tached laminations have the ability to fall tinder the action 
of a gravity force as the material comprising them is cut by 
said lamination forming means, or by using an air suction or 
a magnetic force having the ability to move said pieces of 
material surrounding said selectively attached laminations 
12 *way from said sta^ of_l,aminati-on^ 

/ 161. aaie metood as defined in claim 160 wherein 
2 . said, piece .of -transparent bacterial or screen is positioned 
between said -lamiroatioir^ forming keans and said stack of 
4i : ..._^ lamiJ?.aticMis dx^ing-^^^^ ^tep so that said 
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pieces of material surroimding said selectively attached 
6 laminations have the ability to fall or become attracted to 

said transparent material or said wire screen. 

162 . The method as defined dLn claim 160 wherein 
2 said preselected seguence of assembling said individually 

contoTired laioinations is such that, first, said lamination 

4 is bonded to said stapk of laminations by one of said 
selective bonding tedhnigues and the material surrounding it 

5 is removed, and, next, the whole surface of said lamination 
is subjected to said bonding radiation to complete attachs 



12 



ment o£ said lamination to said stack. 



163 . oaie ■ method as defined in cladjoa 158 wherein 
2 said preselected seguence of assembling said individually 

contoured laminations is such that, first, said lamination 
4 is bonded to said stack using one of said selective boijding 

techniques; nesct, said lamination is formed by cutting 
6 around its contour, preferably to the depth of one lamina- 

tion, but said material surroxinding it is left on said stack 
a to support laminations that follow it, and where said 

surrounding material is removed only after all of the 
10 laminations comprising said three-dimensional object have 

been added to said stack; said lamination forming meaiA 
being instructed . to cut parting lines in sad.d surrounding 
material in order to facilitate said separation of said 
14 surrounding material .__from- said three-dimensional object 
after compieting_^said^laminating^p^ ^ t; j. 

, ; . . The. methpd-as-: defined in claim 158 wherein 

2 said mask whicai--is-printed^n- said M comprising said 

laminations-is priiit^^lF^lor pa^^ and said operation 

ZJme^szitlisl^zri^ti^ -print colpi^s .in 
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correspondence to a color pattern of the surface of said 
6 three-dimensional object at coordinates corresponding to 

said individually contoured laminations and where at least a 
8 portion of said colored mask extends inside of said contour 

of said corresponding lamination. 

165. The method as defined in claim 160 wherein 
said operation controlling means is instructed to laminate a 
support structure simultaneously with said three-dimensional 
object; said support structure being comprised of at least 
two stacks of laminations located on opposite sides of said 

6 laminated object or a single stack surrounding it, and where 

said support is accomplished for an individual lamination by 

8 leaving a lamination adjacent to said lamination uncut or 

cut only partially and stretched within said support struc- 

10 ture; said support structure being separated from said 

three-dimensional object by mechanical or cdiemical etching 

12 means after said laminating procedure is complete. 

166. The method as defined in claim 160 wherein 
i said operation controlling means is instructed to laminate 

said three-dimensional object out of more than one material 
4- by either supplying different materials for different 

laminations or by supplying different materials for a single 
6 lamination; said materials which comprise a single lamina- 

tion being attached to the adjacent lamination by sequen- 
tially performing said selective bonding step for each of 
them, followed by said lamination forming- step -outlining the* 
area comprised of said material, following by the removal of 
said material surrounding said portion of saidllamination 



^® apparatus as defined iri claim 95 wherein 
_3 - .. lamination forming platform is" dif ferenlPf rc«t the 
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same as said lamination assembling platform, and where each 
4 such platform can perform controlled emd cyclical movements 

under signals of said operation controlling, means, emd where 
6 said lamination assembling platform is instructed by said 

operation controlling means to press said material 
8 comprising said lamination against a flat surface of said 

lamination carrying platform or another flat piece of 
10 material or a wire screen to assist in attachment of said 

lamination during said lamination assembling step, or where 
12 said attachment is assisted by a roller capzJ3le of perform- 

ing movement parallel to the surface of said platform and 
14 pressing said material against the uppermost lamination 

said stack. 

168 . The apparatus as defined in claim 92 wherein 
Z said sheet material storing and supplying means is a ribbon 

feeder or a sheet feeder, and where said lamination forming 
4 means include a water jet, or an electron beam or a focused 

laser beam manipulated by an XY positioning table or a 
6. sceuiner. 

169. The apparatus as defined in claim 92 wherein. 
2 said means for storing and si^plying said material includes 

a device capable of coating said sheet material or the tc^ 
4 lamination of said stack with a glue, or a braze paste, ^ 

another material capable of bonding said laminations; or 
e where said material stored in said material supplying means 

is Precoated or prein^regnated with said^^ 

oir where said bonding material is deposited, onto .said uppet ; 
layer of said laminated stack after each laminatihg- cycle. 

The apparatus as defined in; cra1ii~92"whereiii 
Z said operation controlling means, is" a:r^fcbmpuref^a^^ 
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lamination assembling means include a laser whose beam is 
4 positioned by an XY table or a scanner instructed by said 

operation controlling means to cause selective bonding of 
6 said sheet material within boundaries of said laminations, 

and where said laser is either the same or different from 
8 said laser used for forming said laminations. 

171. The appeuratus as defined in claim 92 wherein 
2 said lamination assembling means include a printer used for 

printing negative images of said individually contoured 
4 laminations on said sheet material or for selectively 

.1 depositing an adhesive material within said periphery of 
6 said individually contoiired laminations. 

172. The apparatus as defined in claim 92 wherein 
2 said lamination assembling means include an ultra violet 

lamp, or a source of photons, or a heated plate, or a heated 
4 roller instructed by said operation controlling means to 

activate said bonding material contained within said sheet 
6 material and to cause bonding to said stack or to . cause 

diffusion bonding of said laminating material. 

173. The apparatus as defined in claim lie 
2 wherein said lamination assembling platform is the same as 

said lamination forming platform, and where said platform is 
4 located on a linear stage or an elevator controlled by a 

stepper or servo motor, said platform being positioned by 
6 said stage or an elevator to be within a focal distance from 

said lamination forming means manipulating said laser beam 
during said lamination forming step, and where said opera- 
.£:tioi^. controlling means instructs said lamination assembliiig 
- . .means to place said material comprising said lamination onto' 



8 



10 



^^^stacjc prior .to said laser cutting of said lamination. 
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174. The apparatus as defined in claim 173 
wherein said laminating platform faces down towards the 
floor on which said apparatus is positioned. 

175. The apparatus as defined in claim 167 
wherein if said material is supplied as a cut sheet or a 
ribbon which has only one lamination cut out of its width 
during each cycle, then said cyclical, movement perfoanaed by 
said lamination forming platform carries said formed lamina- 
tion to said lamination assembling platform over the same 
distance during each cycle. 

176. Tlie appaxatus as defined in claim 167 
wherein said lamination assembling step or said lamination 
forming step is at least in part performed by said laser 
beam or activating light transmitted through said wire 
screen or said flat piece of material. 

177. The apparatus as defined in claim 92 wherein 
sheet material surrounding said individually formed 
laminations is removed during at least some of said cycles 
of said laminating operation after said sheet material 
con^rising at least some of said laminations has been 
selectively attached to said stack, and where said surroun^ 
ing material is separated through a fall; under the force ^ 
gravity, or through being attracted to said screen by an aix 
suction, or through magnetic attraction. 
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[received by the International Bureau on 22 March 1990 (22D3^0) 
original claims 5, 70, 72, 76, 84, ISO and 163 amended ; other claims imchanged (9 pages)] 

2. A method for forming an intiegral three-di- 
mensional object from laminations comprising the steps of: 

providing means for storing smd supplying a powder 
based material; 

depositing a layer of said powder based material of 
a predetermined thickness on a platform or an upper layer of 
said powder based material already positioned on said 
platform; 

utilizing concentrated energy meems to change a 
property of at least a portion of said layer of said powder 
based material to form an individually contoxared lamination 
and to facilitate separation of the remainder of said powder 
based material from said individually contoured lamination; 
and 

repeating said layer depositing and energy utilizing 
steps to form a plurality of said individually contoured 
laioinations ; 

each of said individually contoiared laminations 
being integrally bonded to the next adjacent of said indi- 
vidually contoured laminations by one of said layer depositing 
amd energy utilizing steps. 

3. The method as defined in claim 2 wherein said 
powder based material is. a plastic, or a metal, or a ceramic, 
or a composite powder. 

4. The method as defined in claim 2 wherein said 
powder based materia:i contains up to 30% of liquid phase a 
major part, of whic|j. i^ removed during or eifter forming said 
three-dimensional o^bject. . . . 

5. The method as defined in claim 1 wherein said 

powder based material is-a sheet formed primarily out of metal 
_ °^_^_^^^°,-°^^J?EP?^^®j:P^^ lield together with a binder, 
: ^'i^ir.v^erein said .binder, is evaporated after said part has ben 

_ laminated. ^ ... H j.. ..I^ . . 
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6. The method as defined in claim 2 wherein said 
energy utilizing step is followed by a compressing step, 

7. The method as defined in claim 6 wherein said 
compressing step results in a weakly bonded, green state 
powder, 

8. The method as defined in claim 1 wherein said 
lamination forming step includes concentrating energy of said 
lamination forming means on a spot on the surface of said 
material by means of focusing a layer forming beam of small 
diameter* 

9. The method as defined in claim 2 wherein said 
energy utilizing means is- concentrated on a spot on the 
surface of said layer of said powder based material by means 
of focusing a layer forming beam of a small diameter, 

- 10. The method as defined in claim 8 wherein said 
layer forming beam is a besaa of photons^ 

11. The method as defined in claim 9 wherein said 
l,ayer forming beam is a beam of photons. 



12. The method as defined in claim 8 wherein sa 
layer, forming beam is a beam of high energy particles. 




13. The method as defined in claim 9 wherein said 
layer forming beam is a beam of high, energy particles. 
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70. The method as defined in claim 62 wherein said 
secondary material is used for bonding said individually- 
contoured laminations together by heating said individually 
contoured laminations to a temperature at which said secondary 
material melts. 

71. The method as defined in claim 1 wherein said 
assembling step is accomplished through diffusion bonding. 

72. The method as defined in claim 66 wherein said 
adhesive is activated for bonding said individually contoured 
laminations by wetting said adhesive with water or a solvent. 

73. The method as defined in claim 66 wherein said 
material is precoated. by said adhesive or is coated by said 
adhesive during said three-dimensional object forming 
procedure. 

74. The method as defined in claim 66 wherein said 
adhesive is activated for bonding said individually contoured 
laminations by affecting said adhesive with a source of 
activating energy. 

75. The method as defined in claim 62 wherein said 
preselected sequence of assembling said individually contoured 
laminations is such that portions of said material which do 
not belong to any of said individually contoured laminations 
are not removed from said platform . after forming said 
individually contoured laminations . 
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76. The laethod as defined in claim 67 wherein said 
preselected sequence of assembling said individually contoured 
laminations is such that said portions of material which do 
not belong to one of said individually formed laminations are 
prevented from integrally bonding to a preceding layer of said 
three-dimensional object by using said lamination forming 
means to selectively burn, dry, cure or deactivate at least 
some of said material of said layer preceding said lamination. 

77. The method as defined in claim 75 wherein said 



laminations is such that xinreuioved portions of said material 
are prevented from integrally bonding to said thred^ 
dimensional object by selectively activating adhesive 
properties of said secondary material by a laser beam only 
within the periphery of said individually contoured lamina- 
tions . 

78. The method as defined in claim 75 wherein said 
tanremoved portions of said material are cut in a crosshatching 
fashion into multiple pieces which, after said assembling 
step, are separated from said three-dimensional object by 
mechanical means. 

79. The method as defined in claim 1 wherein sai^ 
lamination forming or said lamination assembling step i^ 
accomplished by a laser beam or other source of energy 
transmitted through a flat piece of material transparent to 
said beam or through a screen having wires thinner than said 
laser beam or other source of eherc^ p'kssin^-to^ethrou^ 
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80. The method as defined in claim 79 'wherein said 
2 preselected sequence of assembling said individually contoured 

laminations is such that, first, said material is cut on the 
4 periphery of said individually contoured laminations; next, 

said cut material' is pressed between a stack of said 
6. individually contoured laminations assembled on said platform 

and said flat piece of transparent material or screen; and 
a - - then portions of said material defining said three-dimensional 
object are welded, soldered or adhesively attached to said 
stack by a laser beam or other energy soxirce directed through 
said flat piece of transparent material or screen. 



0 81. The method as defined in. claim 1 wherein said 

2 preselected sequence of assembling said individually contoured 

laminations is such that, initially, an individually contoured 
lamination is formed by removal of material surrounding a 
cross-section of said three- dimensional object, said 
individually contoured lamination being placed on' said 
platform on which said individually contoured laminations are 
assembled or to a stack of said laminations on said platform, 
but at least some of subsequent individually contoured 
laminations being attached to said stack and each other by, 
first, cutting a subsequent individually contoured lamination 
from said material in a vector fashion and then pressing said 
subsequent individually contoured lamination against said 
m lA: stack of individually contoured laminations to adhesively 

attach said subsequent individually contoured lamination to 
Ifi- said stack of individually contoured laminations and removing 

material surrounding said . subsequent Individu^ly 
IBy contoured laminations therefrom. 



4: 
6 
8.. 
IflU 
12- 



2Z 



. - - . The method as defined in claim 1 wherein said 

___^preselected sequence of assembling said individually cbhtourid 
^aminations includes a, step of. filling a space bounded by-a^ 



gfl^^^^^ °f °ne or aiore ; formed individually . contoured' 



i;5?y-nations with a flowable material. 





Miii^^..r. :■- ... • ■ . 
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-ge- 
es* The method as defined in claim 82 wherein said 

flowable material is a powder, based material or a liquid 

curable into a solid. 

84* The method as defined in claim 83 wherein said 
preselected sequence of assembling said individually contoured 
Icoainations includes a step of curing said liquid into a solid 
by an exposure to a source of an energy radiation or by an 
exposure to a ctiring environment such as air or a vacuxom/ or 
temperature below its melting point. 

85. The method as defined in claim 83 wherein said 
preselected sequence of assembling said individually contoure^ 
laminations includes a step of compressing one or several of 
said individually contoured laminations filled with said 
powder based material. 

86. The method as defined in claim 82 wherein said 
flowable material belongs to said three-dimensional object 
and, therefore, said individually contoured laminations 
surrounding said flowable material is removed after completion 
of said preselected sequence of assembling said individually 
contoured laminations has been completed. 

87. The method as defined in claim 82 wherein sai<| 
flowable material is used to support said individuall^ 
contoured laminations and, therefore, is removed after said 
preselected sequence of assembling said individually contoured 
laminations is complete. 

88. The methbd as defined in claim 82 wherein said 
:.j;:iflowable material is a ceramic which after curing 'serV^s^;:_as a: 
-mold in a lost material process after reicioving -said' 

^^^^Y?:^^?^-'^y through melting or birniing. 
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89. The method as defined in claim 82 wherein said 
2 space is filled with said flowable material by flowing some of 

said material onto said one or several individually contox^ed 
4 laminations and then scjraping excess of said flowable material 

with a scraping edge moving on an upper surface of said 
6 individually contoured lamination or laminations. 

♦ ■ . 



t 
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159. The method as defdLned in claim 158 wherein 
said preselected sequence of assembling said individually 
contoured laminations is such that, first, said material 
comprising one of said individually contoured laminations is 
attached to said laminating platform or to a stack of other 
individually contoured laminations comprising a portion of 
said three-dimensional object using one of said selective 
bonding technicpies, and then said material comprising said one 
of said individually contoured laminations is cut by said 
lamination forming meaois around the periphery thereof to a 

Of said individually contoured laminations is, first, cut 
around the periphery thereof and then said individuall^ 
contoured lamination is attached to said stack using one of 
said selective bonding techniques. 

160. The method as defined in claim 76 wherein said 
separation of said material which does not belong to said 
three-dimensional object is accomplished at each cycle of said 
three-dimensional object lamination procedure by either 
positioning said platform in such a manner that pieces of said 
laaterial surrotinding said individually formed laminations have 
the ability to fall under the action of a gravity force as the 
material comprising them is cut by said lamination forming 
means, or by using an air suction or a magnetic force having 
the ability to move said pieces of material surrounding saiS^ 
selectively attached laminations away from said stack of 
laminations. 

161. The metitod in claim 160 wh^eiri 
• said piece ot transparent material or screen is positioned 

between said lamination J^^^ means and said stack of 

laminations- diiring s%id -laminati^^ step so that skid 

pieces- -o f ^ma te3^ial—-su^ said selectively . .attached 

7 laminations:7have-1^^ fall ; or become attracted to 

: . saidltransparen€^^ said wire screen. 
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162 . The method as defined in claim 160 wherein 
said preselected sequence of assembling said individually 
contoured laminations is .such that, first, said lamination is 
bonded to said stack of laminations by one of said selective 
bonding techniques and the material surrounding it is removed, 
and, next, the whole surface of said lamination is svibjected 
to said bonding radiation to complete attachment of said 
lamination to said stack. 

163 . The method as defined in claim 67 wherein said 
preselected sequence of assembling said individually contoured 
laminations is such that, first, said lamination is bonded to 
said stack using one of said selective bonding techniques; 
next, said lamination is formed by cutting around its contour, 
preferably to the depth of one lamination, but said material 
surrotinding it is left on said stack to support laminations 
that follow it, and where said surroimding material is removed 
only after all of the laminations comprising said three- 
dimensional object have been added to said stack; said 
lamination forming means being instructed to cut parting lines 
in said surrovmding material in order to facilitate said 
separation of said surroxinding material from said three- 
dimensional object after completing said laminating procedxare. 

164. The method as defined in claim 158 wherein 
said mask which is printed on said material comprising said 
laminations is printed by a color printer and said operation 
controlling means is instihicted to print colors in 
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